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(57) Abstract 

A glycoprotein is produced by a process comprising culturing mammalian host cells expressing nucleic acid encoding said glycoprotein 
in the presence of (a) a factor that modifies growth state in a cell culture, (b) a divalent metal cation that can adopt and prefers and octahedral 
coordination geometry, and/or (c) a plasma component. In this process, the occupancy of an N-linked glycosylation site occupied only in a 
fraction of a glycoprotein is enhanced. Such culturing is preferably carried out at a temperature of between about 30 °C and 35 *C and/or 
in the presence of up to about 2mM of a butyrate salt and/or in the presence of a cell-cycle inhibitor. 
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CELL CULTURE PROCESS 



Backeround of ihe Invention 



5 Field of the Inveniion 

The present invention concerns a process for the production of glycoproteins in mammalian cell culture. 
More specificalK . the invention provides a process tor producing coproreins in mammalian ceils thai results in 
enhanced occupancy of an N-hnked gKcosylation site occupied only in a fraction of a glycoprotein. A process for 
increasing the fraction of Type I tissue plasminogen activator (t-PA) in a mammalian cell culture is specitlcally 
!0 disclosed. 

Description of Related Disclosures and Technolog\' 
Glvcoproieins 

Glycoproteins. man> of which have been produced by techniques of recombinant DNA technology, are 
of great imponance as diagnostic and therapeutic agents. In aeukaryotic cell environment. gl\ cosylation isartached 

15 to a secreted or membrane-spanning protein by co- and posr-transiaiional modification. Proteins destined for the 
cell surface are first co-translationally translocated into the lumen of the endoplasmic reticulum f ER) mediated by 
a signal sequence at or near the amino terminus of the nascent chain. Inside the ER. the signal sequence is usually 
removed and a high-mannose core oligosaccharide unit is anached to the asparagine (N) residue(s) present as part 
of the sequence Asn-X-Ser/Thr. where X is any amino acid except, perhaps, proline. 

20 The efficiency of this co-cransiational giycosylation step is dependent on the presentation of an appropriate 

conformation of the peptide chain as it enters the endoplasmic reticulum (Imperiali and OXonnon Pure & Applied 
Chem. . 70 : 33-40 ( 1998)). Potential N-linked giycosylation sites may no longer be accessible after the protein has 
folded (FComfeld &. Komfeid. Ann Rev. Btochem. 54 :631-664 (1985)). Proteins next move from the ER to the 
Golgi apparatus where further modifications, such as sulfation and processing of the high-mannose oligosaccharide 

25 chain to a complex-type oligosaccharide, occur and the proteins are directed to their proper destinations. 

N-linked oligosaccharides can have a profound impact on the pharmaceutical propenies of gl> coproiein 
therapeutics (e.g.. in vivo half-life and bioactivity ). Different bioprocess parameters (e.g.. bioreactort\'pe, pH. media 
composition, and ammonia) have been shown to affect protein giycosylation significantK . Changes in termrnal 
giycosylation (sialylation and galactosylation > and N-gly can branching are the most frequently observed alterations. 

30 The Carhohvdrafc Structure of Tissue Plasm moff en Activaior 

Tissue plasminogen activator (t-PA ). a glycoprotein, is a multidomain serine protease whose phv sioiogical 
role is to conven plasminogen to piasmin. and thus to initiate or accelerate the process of fibrinolysis. Initial clinical 
interest in t-PA was raised because of its relatively high activit\ in the presence, as compared to the absence, of 
fibrin. Wild-type t-PA is a poor enzyme in the absence of fibrin, but the presence of fibrin strikingly enhances its 

35 ability to activate plasminogen. Recombinant human t-PA is used therapeutically as a fibrinolytic agent in the 
treatment of acute myocardial infarction and pulmonary embolism, both conditions usually resulting rrom an 
obstruction of a blood vessel by a fibrin-containing thrombus. 

In addition to its striking tibrin specificit\'. t-PA exhibits several further distinguishing characteristics: 
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(a) T-PA differs from mosi serine proteases in that the single-chain form of the molecule has 
appreciable enzymatic activin . Toward some small substrates, and toward plasminogen in the absence of tlbrin. 
two-chain t-PA has greater activity than one-chain t-PA. In the presence of Hbrin. however, the two forms of t-PA 
are equally active ( Rijken er al. . J. Biol. Chem. . 257 : 2920-2925 ( 1 982 ): Lijnen et a/. . Thromb. Haemost. . 64: 6 1 -68 
5 { 1990): Bennett e/r//.. J. Biol. Chem. . 266 : 5 191-5201 (1991)). Most other serine proteases exist as zymogens and 
require proteolytic cleavage to a two-cham form to release full enzymatic activity. 

{ b) The action of t-PA in vivo and in vara can be inhibited by a serpin. PAJ- 1 ( Vauiihan c/ a/.. J. Clin. 
invest. . 84: 586-591 (1989): W iman et cd.. J. Biol. Chem.. 259 : 3644-3647 (1984)). 
(c) T-PA binds to tlbrin tn virro with a in the range. 
10 (d) T-PA has a rapid in vivo clearance that is mediated by one or more receptors in the liver {Nilsson 

a/., Thromb. Res. . 39: 51 1-521 (1985): Bugelski efai., Throm. Res. . 2I: 287-303 (1989): Monon cf a/., J. Biol. 
Chem. . 264 : 7228-7235 (1989»). 

A substantially pure torm of i-P.*\ was first produced from a natural source and tested for in vtvo activitv 
by Collen cf u/.. U.S. Pat. No. 4.752.603 issued 21 June 1988 (see also Rijken ei al., J. Biol. Chem. . 256 : 7035 
15 ( 198 I )). Pennica ei al. ( Nature . 301 : 2 14 ( 1983)) determined the DNA sequence of t-PA and deduced the amino 
acid sequence from this DNA sequence (U.S. Pat. No. 4.766.075 issued 23 August 1988). 

Human wild-type i-PA has potential N-linked giycosylation sites at amino acid positions 117. 184. 218. 
and 448. Recombinant human t-PA (ACTIVASE® t-PA) produced by expression in CHO cells was reponed to 
contain approximately 7% by weight of carbohydrate, consisting of a high-mannose oligosaccharide at position 1 1 7, 
20 and complex oligosaccharides at Asn-184 and Asn-448 (Vehar ei a/.. "Characterization Studies of Human Tissue 
Plasminogen Activator produced by Recombinant DNA Technology," Cold Spring Harbor Svmposia on 
Quantitative Biologv . LI:55 1-562 (1986)). 

Position 218 has not been found to be glycosylated in native t-PA or recombinant wild-type t-P.A. Sites 
1 1 7 and 448 appear always to be glycosylated, while site 1 84 is thought to be glycosylated only in a fraction of the 
25 molecules. The i-PA molecules that are glycosylated at position 184 are termed Type I t-PA, and the molecules that 
are not glycosylated at position 184 are termed Type 11 t-PA. In melanoma-derived t-PA. the ratio of Type 1 to 
Type 11 t-PA is about 1 : 1. The most comprehensive analysis of the carbohydrate structures of CHO cell-derived 
human t-PA was carried out by Speliman cf a/.. J. Biol. Chem. . 264 : 14 100- 14 1 I 1 (1 989). who showed that at least 
17 different Asn-linked carbohydrate structures could be detected on the protein. These ranged from the hiah- 
30 mannose structures at position 1 1 7 to di-. tri-. and tetra-antennar> N-acetyllactosamine-type structures at positions 

1 84 and 448. T\ pe 1 and Type II t-PAs were reponed to be N-glycosylaied in an identical way at Asn-1 I 7 and Asn- 
448 positions, when isolated from the same cell line. For funher details, see also Parekh cr ui.. Biochemistr\' . 28: 
7644-7662 ( 19S9V The specific fibrinolytic activity of Type II t-PA has been shown to be about 50°o greater than 
that of Type 1 t-PA (Einarsson et al.. Biochim. Biophvs. .Acta . 830 : 1-10 (1985)). Funher. increased Type 1 is 
correlated with increased half-life (Cole at aL. Fibrinolvsis . 7: 15-22 ( 1993)). However. Type II t-P.A. which lacks 

2 ponion of carbohydrate associated with Type 1 i-PA. as well as desialated t-PA. demonstrated a longer T'/r beta 
than standard t-PA (Beebe and Aronson. Thromb. Res. . 5 1 : I 1-22 f 1988)). 
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Analysis of the sequence or t-PA has identified ihe molecule as having five domains. Each domain has 
been defined with reference to homologous structural or functional regions in other proteins such as tr>'psin. 
chvmoirx psin. plasminogen, prothrombin, tlbronectin. and epidermal growth factor (EGF). These domains have 
been desianaied. staniniz at the N-ierminus of the amino acid sequence ot t-PA, as the finger (F) domain from amino 
5 acid i 10 about amino acid 44. the growth factor (G) domain tfom about amino acid 45 to about amino acid 91 
(based on homoloiiv with EGF). the kringle-1 (Kl) domain from about amino acid 92 to about amino acid 1 73. the 
kriniile-2 {K.2) domain from about amino acid I SO to about amino acid 26 1 . and the serine protease (P) domain from 
about amino acid 264 to the carboxyl terminus at amino acid 527. These domains are situated essentially adjacent 
to each other, and are connected by short "linker" regions. These linker regions bring the total number of amino 

10 acids of the mature polypeptide to 527. although three additional residues (Gly-Ala-Arg ) are occasionally found at 
the amino terminus. This additional tripepiide is generally thought to be the result of incomplete precursor 
processing- and it is not known to impan functionality. Native t-PA can be cleaved between position 275 and 
position 276 (located in the serine protease domain) to generate the two-chain form of the molecule. 

Each domain contributes in a different wa\ to the overall biologically significant propenies of the t-PA 

15 molecule. Domain deletion studies show that the loss of the finger, growth factor, or kringie-2 domain results in 
a lower-affinity binding of the variant i-PA to fibrin (van Zonneveld et uL. Proc. Natl. Acad. Sci. USA . 83 : 4670- 
4677 (1986): Verheijen ef a/., EMBO J. . 5: 3525-3530 (1986)): however, more recent results obtained with 
substitution mutants indicate that the kringle-2 domain is less involved in fibrin binding than earlier expected 
(Bennett et a/., supra). The domain deletion studies have implicated the fmger and growth factor domains in 

20 clearance by the liver (Collen er a/.. Blood . 74: 6-2 19 (1988): Kalyan et a/., J. Bio!. Chem. . 263 : 3971-3978 
( 1 988): Fu et al. , Thromb. Res. , 50: 33-4 1 ( 1 988): Refino et aL , Fibrinolvsis , 2:30(1 988 ): Larsen et al. . Blood, 73 : 
1842-1850(1989): Browne etai. l. Biol. Chem. . 263 : 1599-1602(1988)). The kringle-2 domain is responsible for 
bindins to Ivsine. The serine protease domain is responsible for the enzymatic aciiviry of t-PA and contains specific 
reaions where mutations were shown to affect both fibrin binding and fibrin specificity (possibly direct interactions 

25 with fibrin), and other regions where only fibrin specificity is altered (possibly indirect interactions with fibrin) 
( Bennen et aL, supra). Studies with mutants resulting from site-directed alterations indicate the involvement of the 
glycosylation of t-PA in clearance (Lau et aL. Bio Technoloiiv . 2: 953-958 ( 1 987); Lau et uL. Bio Technolotzv , 6: 
734 (1988)). 

An unglycosylated variant of l-PA consisting of the kringle-2 and protease domains was described to 
30 have a slower plasma clearance than wild-type t-P.A (Manin ct uL, Fibrinolysis , 4: (Suppl. 3):9 (Abstract 26) 
(1990)). The effect of altering oligosaccharide structures at sites 184 and 448 of t-PA were also examined by 
Howard at al.. Glvcobiologv . 1: 411-418 (1991) Hotchkiss et aL ( Thromb. Haemost. . 60: 255-261 (1988)) 
selectively removed oligosaccharide residues from the t-PA molecule, and demonstrated that the removal of these 
residues decreased the rate of clearance of i-PA. These researchers, and Lau et al. ((1987). supra. (1988). supra) 
35 also generated the t-PA variant N 1 1 70 (^^herein asparagine at position I 1 7 of wild-type human t- PA was substituted 
with glutamine) to prevent glycosylation at position 1 17. This variant, similarly to that obtained by enzymatic 
removal of the high- mannose oligosaccharide at this position, exhibited an about two-fold slower clearance rate 
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than wild-r>'pe human i-PA. See also EP-A 23S.304 published 23 September !987 and EP-A 227,462 pubhshed 
I July 1987. 

Several repons have sui:i:estcd that the carbohydrate moieties on- PA intluence the in vttro activity of this 
enzvme (Einarsson ei oL. supra: Opdenakker cf a/.. Proc. Sci. Exp. Biol- Med. . 182: 248-257 (1986)). T-PA is 
5 cndocytosed bv mannose receptors ol" liver endothelial cells and by galactose receptors of parenchymal cells. 
Indeed, the in m o clearance of recombinant human i-PA produced in mammalian cell cultures was intluenced by 
carbohydrate structures, panicularly by the high-mannose oligosaccharides ( Hotchkiss et al. . suprai. A i-PA variant 
(desiiinated TNK t-PA) thai has a glycosylation site added at amino acid position 103. the native glycosylaiion site 
removed at amino acid position 1 17. and the sequence at ammo acid positions 296-299 of native human t-PA 
10 replaced by A AAA. has been shown to have increased circulatory half-life, and markedly bener fibrin specificity 
than wild-type human i-PA {Keyie/ uL. Proc. Natl. Acad. Sci. USA . 91; 3670-3674 (1994)). 
Ghconrofcins Oihcr than .\afive f-PA wiih More than O ne GIvcnform 

Ceils exprcssinii iPA-6. a molecule composed of the kringle-2 and serine protease domains of t-PA. 
process it into two clycoforms. a monoglycosylated form with Asn-448 occupied, and a diglycosylated form with 
15 Asn-448 and Asn 184 occupied (Berg e/ a/.. Blood. 81: 1312-1322 (1993)). 

Plasminosen exists in two glycoforms. The more glycosylated form, commonly referred to as 
"plasminogen- 1 " plasminogen 1." or "Type I plasminogen." has a gaiaciosamine-based oligosaccharide attached 
at amino acid position 345 (Thr345) and a complex glycosamine-based oligosaccharide at amino acid position 288 
(Asn288) of a native human plasminogen molecule. The less glycosylated form, commonly referred to as 
20 *'plasminosen-2". "plasminogen II,'' or "Type 2 plasminogen." has a single oligosaccharide chain attached at amino 
acid position 345 (Thr345) (Hayes and Castel lino, J. Biol. Chem., 254(18) : 8772-8776. 8777-8780 ( 1 979): Lijnen 
etaL, Eur. J. Biochem. . 120 : 149-154 (1981): Takeda et ai. Thrombosis Research . 39: 289-296 (1985)). 

Other givcoproteins displaying variable site occupancy (variations in N- and O-giycosylaiion site- 
occupancy) include sranulocvie-macrophage colony-stimulating factor (Okamoio et a/.. Archives of Biochemistrx' 
25 and Biophysics . 286 : 562-568 ( 1991 )). inierferon-gamma (Curling t^/t//.. Biochem. J. . 272: 333-3 37 ( 1 990) protein 
C (Milelich and Broze. J. Biol. Chem. . 265 : 1 1397-1 1404 (1990)). and interleukin-2. Glycosylation of gamma- 
interferon was stable throughout an optimized culture design strategy using fed-baich cultures, with exposure to 
iilucose starvation possibly leading to a dramatic change in glycosylation efficiency ( Xie et ai., Bioiechnoi. Bioeng., 
56: 577-582 (1997)). 

30 Different factors have been discussed to be potentially responsible for variable siie-occupancy. including 

availability of dolichol-phosphate and nucleotide sugars (Nyberg et u/.. Biotechnol. Bioenu.. 62; 336-347 ( ! 998)), 
iiiycosvltransferase activirx (Hendrickson and Imperiali. Biochemistrw 34: 9444-9450 ( 1995): Kaufman et a/., 
BiochemisTr\\ 33; 98 13-9819 ( 1994)), and variable glycosylation site accessibility due to competition wuh protein 
folding (Hoist et al.. The EMBO .1. . 15: 3538-3546 (1996); Imperiali. Acc. Chem. Res.. 30: 452-459 (1997); 

35 Shelikoff e/a/.. Biotechnol. Bioen'j. . 2^.'. 73-90 (1996)). Any of these factors could be influenced by ceil culture 
conditions. T-PA site-occupancy usually varies within a rather narrow range (~ 5^/o). 
Studies of Oli^osacchar\'ltransterase \ fetal Cations in GIvcosvlation 
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Aspara2ine-linked glxcosylaiion involves the enzyme-catalyzed modiflcaiion of an asparagine side chain 
in a nascent polypeptide with a tri-antennar> letradeca-saccharide nioieiy. This first commined step in the 
biosvnihesis of N-linked iilycoproteins is catalyzed by ohgosaccharyliransferase. a heteromeric membrane- 
associated enzyme complex found in the lumen of the endoplasmic reticulum of eukaryoiic cells. See Imperial!- 
5 supra: Allen ct at,, J. Biol. Chem. . 270: 4797-4804 ( I 995 ); Sharma a uL, Eur. J. Biochem. . I 16 : 1 0 1 - 1 OS ( 1 98 I): 
Silberstein andGiimore. The FASEB Journal . J_0: 849-858 { 1 996): Kumar cY.//.. Biochem. Viol. Biol. Intl. . 36: 8 1 7- 
826 ( 1995): Bause ci uL, Biochem. J. , 3 12 : 979-985 (1995): Xu and Coward. Biochemistry . 36: 14683-14689 
( 1997): Kumar ct ul., Biochem. Biophvs. Res. Comm., 247: 524-529 { 1998): Walt ei ciL, Curr. Op. Struct. Biol. , 
7: 652-660 (1997). 

|;0 For optimal activity, oligosacchary liransferase requires a small amount of manganese divalent ion. but other 

divalent metal cations with an octahedral coordination geometr>' will suppoa transfer, although at reduced rates 
(Hendrickson and Imperiali. supra: Kaufman ei al,. supra: Kumar uL. Biochem. tK: MoL Biol. IntemationaL 36 : 
817-826 (1995)). 

The Role ofTemneraiure in Mammalian Cull Cultures 

15 To simulate normal body environment, fenmentor temperature in cultivating mammalian cells is controlled 

almost exclusively at 37°C. This dogma is so widely accepted that, so far. linle anention has been paid to varying 
temperature in the cell culture process. The scarce literature data suggest that reduced fermentor temperature results 
in improved cell viability and shear resistance, higher cell density and liter in batch cultures, and a reduction in 
glucose/lactate metabolism (Chuppa et g/.. Biotechnol. Bioeng.. 55 : 328-338 (1997)). 

20 Specifically, Reuveny et aL. J. Immunol. Methods , 86 : 53-59 (1986) studied the effect of temperatures in 

the range of 28°C to 37°C on batch hybridoma cell cultures. They found that although at lower lemperanjres the 
cell viability was improved, this was accompanied by a decrease in glucose uptake and a decrease in the specific 
antibody production. Therefore, in this particular case, lower temperatures did not enhance the overal 1 performance 
of the cell culture process. 

25 Sureshkuman and Muiharasan. Biotechnol. Bioena. 37: 292-295 (1991) investigated the effect of the 

temperature range of 29^C to 42 'C on the ceil culture process, and found thai maximum cell density was achieved 
at 33''C. In contrast, the glucose uptake and specific lactate production rales were dramatically lower at 33 X than 
at 39*'C. These results showed that the optimal temperatures for grow th and productivity ma%' considerabi> differ. 
While the viability increase at temperatures below 37°C appears to be a general phenomenon, the effect of 

30 temperature on specific productivity has been shown to be cell-line dependent (Chuppa et aL. supra). 

Weidemann et al.. Cvtotechnoloti\ . 15: 1 1 1-1 16 ( I994^ cultivated adherent recombinant bab> hamster 
kidney (BHK) ceils at temperatures between 30 and 37''C. The iow-temperature cultivation in batch and repeated 
batch mode in a two-liter. bioreacior showed a lower growth rate and a lower glucose consumption rate (i.e.. less 
lactate production). On the other hand, the maximum cell densit\' and productivity were not affected b\' the 

35 temperature reduction. 

Kretzmer et aL. "Cultivation Temperature - Effect on Ceil Culture Processes and Their Optimization" 
(American Chemical Society Meeting, San Francisco. CA). abstract 138. presented April 16, 1997. disclosed the 
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effect of cultivation temperature on ceil culture processes and their optimization, but apparently no specific 
iilycosv lation analysis. 

It has been suscesied thai reduced fermenior temperatures might have other advantages related to 
product quality and inieizrity. but the effect of low temperatures on product quality, and in panicuiar. on protein 
5 lilvcosvlalion. has been scarcely studied. Chuppa aL, supra, have reponed that fermentation temperature did not 
have a sisnificani effect on the sialic acid conieni of glycoproteins. Although the total sugar content was somewhat 
lower at 37°C than at 34 X or 35.5 'C. the authors viewed this difference as "not substantial." 

However. U.S. Pat, No. 5.705.364 described preparing glycoproteins by mammalian cell culture wherein 
the sialic acid content of the glycoprotein produced was controlled over a broad range of values by manipulating 
10 the cell culture environment, including the temperature. The host cell w as cultured in a production phase of the 
culture bv adding an alkanoic acid or salt thereof to the culture at a cenain concentration range, maintaining the 
osmolalitv of the culture at about 250 to about 600 mOsm. and maintaining the temperature of the culture between 
about 30 and 35X. 

Bahr-Davidson. "Factors Affecting Glycosylation Site Occupancy of ASN-IS4 of Tissue-Type 
15 Piasmino2en Activator Produced in Chinese Hamster Ovary Cells." A Dissertation submined to the Department 
of Chemical Engineering and the Committee of Graduate Studies of Stanford University in Partial Fulfillment of 
the Requirements for the Degree of Doctor of Philosophy. May 1995, investigated the effects of temperature on 
slycosyiation site occupancy and reported thai site occupancy was increased by exposing cells to 26*C (see pages 
50-5 i ). 

20 Hormonal and Other Treatments to Influence Glvcosvlation 

The effect of various additives such as components of plasma to the culture media on protein production 
and sivcosviation has been studied in the literature, for example, the effects of hormonal treatments on membrane 
slycosylation in rat kidney brush broder membranes (Mittal et ai, Indian J. Exper. Biol. . 34: 782-785 (1996)). 
Studies of Muc- 1 mucin expression established the hormonal basis formRNA expression (Parry etoL. J. Cell Sci. . 

25 101 : 1 9 1 - 1 9Q ( 1 992)). Thvroid hormone regulation of alpha-lactalbumin with differential glycosylation has been 
reported fZiska et aL. Endocrinology . 123 : 2242-2248 (1988)). The cellular response to protein N-glycosylaiion 
was increased in the presence of thyroxine, insulin, and thrombin, and the effect was dose-dependent (Oliveira and 
Banerjee. J. Cell. Phvsiol. . 144 : 467-472 f 1990)). Thyroxine was found lo induce changes in the glycosylation 
panem of rat alpha-fetoprotein (Naval ei aL, Int. J. Biochem. . IS: 115-1 22 (1986)). 

30 In addition to hormonal treatments, glutathione and glucose-6-phosphate dehydrogenase deficiencs 

increased protein glycosylation {Jain. Free Radical Biology &. Medicine . 24: 197-201 ( 1998)}. Thyrotropin was 
found to control oligosacchar\ liransferase activity in thyroid cells (Desruisseau ei a!., Mol. Cell. Endocrinol. . 1 22 : 
223-228 (1996)). The addition of glucose and tri-iodothyronine (T.) to a medium producing a pro-urokinase 
derivative improved productivity ( Hosoi eiai.. C\ totechnology . 19 : 1 - 10( 1996)). Also, fucosyitranst'erase activity 

35 in the rat small intestine was responsive to hydrocortisone regulation during the suckling period (Biol et aL. 
Biochim. Biophvs. Acta . 1 I 33 : 206-212 (1992)), Hydrocortisone treatment also induced quantitative alterations 
in glycosylation of mouse mammary tumor virus precursors ( Maldarelli and Yagi. JNCL 77 : 1 i 09- 1115(1 986)). 
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Glvcos> lation of cellular glycoconiusaies in a carcinoma cell line was enhanced by a reiinoic acid (Sacks et a/., 
Glvcoconiugaie J. . I 3 : 701-7Q6 i\996)). Funher. retinoic acid had reversible effects on gKcosaminogly can 
synthesis during differentiation of HL-60 leukemia coils (Reiss ci a/.. Can. Res. . 45: 2092-2097 (1985)). 
Addilionali>. retinoic acid, as well as hydroconisone. ^^as found to modulate glycosaminogi> can synthesis of 
5 human malignant keraiinoc>tes ( Reiss t//.. J. Invest. Dermatol. . 86 : 683-688 ( 1986)). 

The competition between folding and g|\cos\ lation in the endoplasmic reticulum has been described 
( Hoist cf oL. supra), as has acute heat shock indue mg the phenomenon of prompt glycosy lation ( Jethmalani ei uL. 
J. Biol. Chem. . 269 : 23603-23609 ( 1 994 )). 

There is a need for increasing the increasing glycosy lation site occupancy in glycoproteins having multiple 
10 glycoforms to produce glycoprotein therapeutics of consistent product quality. For example, there is a need to 
increase the fraction of Type I i-PA in the t-PA production process. Such increase in site-occupancy generates t-PA 
with aciivit> more closely resembling the international human t-PA standard, and thus more closely resembling 
human t-PA. Type I t-PA is also more soluble than T\ pe 11. which ma\' be of some value in processing steps. 
Further, increased Type I is correlated w ith increasing circulator\- half-life, as noted above. 
1 5 Summary of the Invention 

It has been found that during the production of a wild-type glycoprotein, namely human i-PA. in 
mammalian cells, namely Chinese Hamster Ovarv' (CHO) cells, use of cenain divalent metals, hormones, or 
factors that manipulate cell-cycle distribution to control or influence glycosy lation significantly increases site 
occupancy of a glycosy lation site of the glycoprotein. For example, decreasing the cultivation temperature from 
20 37°C to about 30-35°C in the production phase significantly enhances the occupancy of the giycosylation site at 
amino acid position 1 84, and thereby increases the ratio of Type I i-PA to Type II t-PA. Specifically, decreasing 
the temperature from 37 to 33 or 3 1 °C increased t-PA site-occupancy up to 6*ib. Temperatures below 37"C are 
expected similarly to facilitate the occupancy of noi-easily-accessible N-linked giycosylation sites in other 
glycoproteins. Accordingly, temperature can be used as a sensitive tool for fme tuning the ratio of variously 
25 glycos>'iated forms of glycoproteins having one or more N-linked giycosylation sites occupied only in a fraction 
of the protein. 

In addition, other environmental factors, including those that manipulate the culture s growth state, and 
correspondingly cell-cycle distribution, such as butyrate. or a cell-cycle inhibitor that increases the proponion of 
cells in the GO G I phase such as quinidine. plasma components such as thyroid hormones, and-or cenain divalent 

30 metal cations signitlcantly elevated the t-PA Type i content (about l-2.5°o) compared to control conditions, and 
are expected to act similarly with respect to other glycoproteins, in contrast, addition of the relevant nucleoside 
precursor molecules (e.g.. uridine, guanosine. mannose) did not result in improved site-occupanc\'. 

In one aspect, the invention concerns a process for producing a glycoprotein comprising culiuring 
mammalian host cells producing the gKcoprotein t i.e.. cells expressing nucleic acid encoding the gl>coprotein) in 

35 the presence of (a) a factor that modifies growth state in a cell culture, (b) a divalent metal cation that can adopt 
and prefers an octahedral coordination geometr>\ or (c) a plasma component, whereby the occupancy of an N- 
linked giycosylation site occupied only in a traction of the glycoprotein is enhanced in the glycoprotein so 
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produced. Preferably, the factor is a cell-cycle inhibitor that blocks cells in tlie GO/G 1 phase, a bun rate sail, andor 
a temperature of the culture of between about 30 and 35 X. the divalent canon is manganese or iron, and the plasma 
component is a hormone. Preferably, the cell culture procedure includes a growth phase, followed by a transition 
phase and a production phase, in a preferred embodiment, in the growth phase the mammalian host cells are 
cultured at about 37 X. whereupon, during the transition phase, the temperature is lowered to between about 30''C 
and 35 'C. The host cells preferably are CHO cells, and the glycoprotein preferably is t-PA, 

In another aspect, the invention provides a process for producing human i-PA comprising culturing CHO 
ceils expressins nucleic acid encoding said t-PA in a serum-t>ee medium m a production phase at a temperature 
of between about 30''C and 35'C and in the presence of about 0 to 2 mM of a butyrate salt, whereby the occupancy 
of an N-linked siycosylation site occupied only in a fraction of i-PA is enhanced in the t-PA so produced. 

In a still further aspect, the invention supplies a process for producing human i-PA comprising culturing 
CHO cells expressing nucleic acid encoding said t-PA in a serum-free medium in a growth phase at a temperature 
of about 37-40'C. wherein said medium comprises from about 10 nM to 100 uM of a divalent metal cation that 
can adopt and prefers an octahedral coordination geometr\': culturing said cell in a transition phase at a temperature 
of about 37-40 "C; and culturing said cell in a production phase wherein after about 48 hours into the production 
phase the temperature is lowered to between about 30°C and 35°C and about 0.75 to 1 .5 mM of a butyrate salt is 
added to the medium, whereby the occupancy of an N-linked glycosylation site occupied only in a fraction of t-PA 
is enhanced in the t-PA so produced. In this process, a plasma component such as a thyroid hormone, e.g., 
thyroxine or iri-iodothyronine, or a cell-cycle inhibitor that blocks cells in the GO/G 1 phase such as quinidine is 
optionally added to the culture medium before or during the growth phase. 

Hence, the process herein facilitates the production of a preferred glycoform of a glycoprotein, such as 
Type I t-PA. in a mammalian cell culture, and also increases the ratio of preferred to non-preferred glycoproteins, 
such as the ratio of Type I to Type II t-PA, in a mammalian cell culture. 

Brief Description of the Drawings 

Fisure I shows a depiction of Type I t-PA and Type II t-PA and a chromaiogram thereof 

Fiaure 2 shows the percentage of Type I human t-PA in cell cultures of CHO cells cultivated at various 
scales at 37°C. 

Figure 3 shows graphs of the percentage of Type I human t-PA m cell cultures of CHO cells ai 37='C as 
a function of 1 2K-fermentation run time, with each graph line representing a ditfereni run. 

FiLiures 4A and4B show the percentage of Type i human i-PA in cell cultures of CHO ceils cultivated on 
a laboratory scale (in 25 cm" T-Hasks and lOO-ml spinner flasks- Fig. 4A ) or in a 5-liier bioreactor (Fig. 4B) for 
5-7 days at 33^C relative to control (cell culture kept at 37°C). 

Fi<:ure 5 shows the percentage of Type I human t-PA in cell cultures of CHO ceils cultivated in T-flasks 
at 37°C for 3-4 days wherein sodium butyrate is added in the amount indicated at the time of inoculation. The 

values are from triplicate experiments. 

Figure 6 shows the percentage of Type I human t-PA in cell cultures of CHO cells cultivated in 60-mm 
culture dishes at 37*'C for 4-6 days wherein temperature changes with or without sodium butyrate are compared 
(wherein 37 "CI - means control at 37**C with no butyrate: 37"C1 IX is at 37 ^C with 0.75 mM butyrate. 37"C12X 
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is ai 37''C with 1 .5 mM buiyraie. 33 'CI - is ai 33 'C with no butyraie. 33 'CI 1 \ is ai 33 X with 0.75 mM butyrate. 
33'C12X is at 33 °C with i.5 mM butyrate. 3 I 'CI- is at 31 "C with no butyrate. 3 ) C 1 I X is at 3 1 'C with 0.75 mM 
butyrate. and 3 I ""CIZX is at 3 1 'C with 1 .5 mM butyrate). 

Figure 7 shows percentage of Type I human t-PA in ceil cultures of CHO cells cuhivated in 5-liter 
5 bioreactors after 5-7 davs, wherein temperature changes with or w ithout sodium butyrate are compared < where 
control is at 37 'C without butyraie. 33 ""C is at 33 ""C without butyrate. 2X butr. is at 37' C with 1.5 mM butyraie. 
and 33°C.'2X is at 33 "C with 1.5 mM butyraie). 

Fisure 8 shows the percentage of Type I human i-PA in cell cultures of CHO cells cultivated in fermentors 
overtime at 37''C in which sodium butyrate was added to a concentration of 0.75 mM at approximately 48 hours. 
10 and the percentages of ceils in GO G I phase at the corresponding time points. These results reflect the averages 
of three separate cultures. 

Fisure ^ shows the percentage of Type 1 human t-PA in cell cultures of CHO cells cultivated in T-Hasks 
at 37''C for 3-4 davs wherein at the time of inoculation no cell-cycle inhibitor is added (control ), thymidine (250 
/./e/mL) is added, or quinidine (90 ./M) is added. The values are from triplicate e.xperimenis. 
15 Figures lOA and lOB show the percentage of Type I human i-?A in cell cultures of CHO cells cultivated 

in 60-mm culture dishes at 37-C for 4-6 days wherein at the time of inoculation 3 nM of MnCU is added 

(control). or lOnM. 100 nM. 1 ivM. 10 /^M. or 1 00 uM MnCN is added. The values are expressed in triplicate for 
Fig. IDA and as an average of triplicates for Fig. lOB. 

Fiaure I 1 shows the percentage of Type I human t-PA in cell cultures of CHO cells cultivated in 60-mm 
20 culture dishes at 37°C for 4-6 days wherein at the time of inoculation no ferric citrate is added (control), or 10 ^fM 
ferric citrate. 50 ferric citrate, or 100 fuM ferric citrate is added. 

Fisure 12 shows the percentage of Type 1 human t-PA in cell cultures of CHO cells cultivated in 60-mm 
culture dishes at 37*'C for 4-6 days wherein the cells are cultivated in the presence of increased amounts of specified 
nucleotide sugar precursor molecules. 
25 Fiaures 1 3A and 1 3B show the percentage of Type I human t-PA in ceil cultures of CHO cells cultivated 

in 60-mm culture dishes at 37^C for 7 days wherein at the time of inoculation no hormone is added (control), or 
1 nM. lOnM.or 1 00 nM of tri-iodothyronine ( Triiod.)or of thyroxine (Thyrox. ) is added. The values are expressed 
in triplicate for Fig. 13A and as an average of triplicates for Fig. 13 8. 
Detailed Description of the Invention 
30 I. Definitions 

As used herein, the word "enhanced" as it relates to occupancy of an N-linked giycosylation site occupied 
onlv in a fraction of the glycoprotein refers to relative value obtained by practicing the current invention versus 
control value obtained by not using the parameters of this invention. The value is calculated based on the 
percentage of giycosylation sites occupied at the particular position of the glycoprotein in question versus a baseline 
35 value, which is determined without using the factors, cations, or plasma components herein claimed. For example. 
t-PA is secreted as a mixture of two major glycoforms. Type i (all three N-glycosylation sites are occupied) and 
Tvpe II ( Asn- 1 84 is not occupied), and an enhanced occupancy level means an increased site occupancy such that 
the mixture has increased amounts of Type 1 relative to Type 11 t-PA versus the control. This occupancy level can 
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be measured, for example. b> U5ing reversed-phase high-pressure liquid chromatography ( RP-HPLC) to elute the 
fragments ofthe different types of glycoprotein (the types having different glscosylation site occupancy levels) and 
integrating the peak areas for each type of glycoprotein to determine relative quantities. The most typical way lo 
express these quantities is b> the percentage of the higher-occupancy type of glycoprotein to total types of 
."^ glycoprotein. A specific example of an assa> used to measure enhancement for Type I T\ pe 11 i-PA is set tbnh 
below in Example 1 . 

.As used herein. "g!> coprotein" refers generally to peptides and proteins having more than about ten 
amino acids and at least one gl> cosyiaiion site that is occupied only in a fraction of the glycoprotein product, i.e.. ' 
they display variable site-occupancy or variations in N- and O-glycosylation site-occupancy. The glycoproteins 
10 may be homologous to the host cell, or preferably, they are heterologous, i.e.. foreign, to the host cell being utilized, 
such as a human protein produced by a CHO cell. Preferably, mammalian glycoproteins (glycoproteins that were 
originally derived from a mammalian organism) are used, more preferably, those which are directly secreted into 
the medium, and most preferabK, those wherein N-glycosylation site-occupancy is involved. 

The specifically-preferred glycoproteins herein are t-PA. plasminogen, interferon-gamma. Protein C. IL-2, 
15 and CSF. for example. GM-CSF. The more preferred glycoproteins are t-PA or plasminogen, and the most 
preferred is i-PA. more notably human t-PA. 

The terms "tissue plasminogen activator", and "t-PA*' refer to human extrinsic (tissue-f\'pe) plasminogen 
activator having fibrinolytic activity thai typically has a structure with five domains (finger, growth factor, kringle- 
I. kringle-2. and protease domains), but nonetheless may have fewer domains or may have some of its domains 
20 repeated if it still functions as a thrombolytic agent and retains the N-linked glycosylation sites at positions I 1 7. 
184, and 448. At minimum, the i-PA consists of a protease domain that is capable of converting plasminogen to 
plasmin. and an N-terminal region believed to be at least partially responsible for fibrin binding, and retains the N- 
linked glycosylation sites at positions corresponding to amino acid positions 11 7. 1 84, and 448 of wild-type human 
i-PA. The retention of these glycosylation sites is due to the fact that variable site occupancy of recombinant and 
25 melanoma-derived wild-type t-PA leads to production of two variants, designated as "Type I t-PA" and "Type (I 
t-PA". respectively. Type I t-P.A contains N-linked oligosaccharides at positions M 7, I 84. and 448. Type II t-PA 
contained N-linked oligosaccharides at positions I 1 7 and 448. See Fig. I . It will be understood that natural allelic 
variations exist and can occur among individuals, as demonstrated by one or more amino acid differences in the 
amino acid sequence of t-PA of each individual. 
30 The terms "wild-type human tissue plasminogen activator", "wild-type human i-PA ". "native human tissue 

plasminogen activator," and "native human t-PA". where "human i-P.A" may be abbreviated as "ht-PA". refer to 
native-sequence human t-PA. i.e.. that encoded by the cDNA sequence reported in U.S. Pat. No. 4.766.075. issued 
23 August 1988. Amino acid site numbers or positions in the t-PA molecule are labeled in accordance w ith U.S. 
Pat. No. 4.766.075. The t-PA may be from any native source. In addition, the t-PA may be obtained from any 
35 recombinant expression system, including, for example. CHO cells or human embr>'onic kidnev 293 cells. 

As used herein, references to various domains of t-PA mean the domains of wild-type human i-PA as 
hereinabove defined, and functionally equivalent portions of human t-PA having amino acid alterations as 
compared to the native human t-PA sequence, or of (native or variant ) t-PA from other sources, such as bat tissue 
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plasminogen activator (bat-PA). Thus, as used herein, the term "protease domain" refers to the region extending 
tVom amino acid position 264 to amino acid position 52". inclusive, of the mature fonm of vviid-t\ pe human t-PA. 
and to functionally equivalent portions of human t-PA having amino acid alterations as compared lo the native 
human t-PA sequence, or of t-PA from other sources, such as bat-PA. 
5 As used herein, "factor that modi ties growth state in a ceil culture" refers to a factor that increases the 

proportion of ceils in the GO/Gl phase ol' growth such as a celi-c> cie inhibitor that causes cells to accumulate or 
blocks the ceils in the GO/G I phase. Such ibctors manipulate ceil cycie distribution to control or influence 
giycosv lation. Such a factor may affect gi> cos> lation in mechanisms be\ond growth state, but are defined herein 
as affecting at least the growth state. 
10 As used herein, a "cell-cycle inhibitor that blocks ceils in the GO G 1 phase of growth" is a molecule that 

causes cells to accumulate in the GO. Gi phase of growth. This can be determined by cell cycle anai\ sis. i.e.. 
unitbmi suspensions of nuclei are stained with propidium iodide (P!) using the deiergeni-tr\psin method of 
Vindelov ei ui.. Cvtometr\ . 2- 323-207 ( !083) to determine relative cellular DNA content by tlow c\iometric 

analysis. Events are gated using doublet discrimination to e.xclude doublets, and the data are modeled using 
15 Mod Fit LT Cell Cycle Analysis ^"^^ software (Verity Software House). A preferred such inhibitor herein is 
quinidine. 

By "butyrate" or "butyrate salt" is meant any corresponding salt of butyric acid, such as sodium butyrate 
or potassium butyrate. 

By "phase" is meant a certain phase of culturing of the ceils as is well recognized by the practitioner. For 
20 example, "growth phase" of the cell culture refers to the period of exponential cell growth (the log phase) where 
cells are generally rapidly dividing. During this phase, cells are cultured for a period of time, usually between 1-4 
days, and under such conditions that ceil growth is maximized. The growth cycle for the host ceil can be 
determined for the panicular host cell envisioned without undue experimentation. During the growth phase, cells 
are cultured in nutrient medium containing the necessar\' additives generally at about 30-40°C. preferably about * 
25 37'^C. in a humidified, controlled atmosphere, such that optimal growth is achieved for the particular cell line. Ceils 
are maintained in the growth phase for a period of between about one and four days, usually between about two 
and three days. 

"Transition phase" of the ceil culture refers to the period of time during which culture conditions for the 
production phase are engaged. During the transition phase environmental factors such as temperature are shifted 

30 from growth conditions to production conditions. 

"Production phase" of the cell culture refers to the period of time during which cell growth has plateaued. 
During the production phase, logarithmic cell growth has ended and glycoprotein production is primar\ . During 
this period of time the medium is generally supplemented to support continued glycoprotein production and to 
achieve the desired glycoprotein product. 

35 By "divalent metal cation that can adopt and prelers an octahedral coordination geomeir\ " is meant a 

metal cation with two valencies that is capable of and actually shows preference for. adopting an octahedral 
coordination geometr\'. Such cations are also characterized in that oligosaccharv Itransferase can function { i.e.. is 
activated) in their presence. Examples ot such metal ions include manganese ( Mn~ ). iron(Fe" ). calcium ( Ca" ). 
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and magnesium ( Mg" ). Divalent cations thai show preferences for other coordination geometries, includine nickel 

*>_ - 2--. 

(Ni" ). copper (Cu" ). cadmium (Cd' ). and zinc* Zn ). fail to activate the enzyme and at high concentrations also 

compeiitivel>' inhibit activity in the presence of manganese. Hence, these larter cations are excluded tVom the 

defmition. 

Bv "plasma component" is meant a constituent of normal plasma. This would include growth promoters 
and tumor-promoting agents forendoihelial cell growth, regulators of differentiation of epithelial tissues, glucagon, 
heparin, phorboi myristate acetate. PRL. ihyroglobulin. 8Br-cAMP. thrombin, vitamin A and its derivatives 
(retinoids such as retinoic acid, e.g., beia-all-trans retinoic acid), glutathione, steroids such as corttcosterone. 
Cortisol, and coaicoids, e.g., glucoconicoids such as hydroconisone. and hormones, preferably those thai are vital 
1 0 hormones of metabolism such as estrogen, insulin, and thyroid hormones, e.g.. thyroxine and iri-iodoih>Tonine ( T- ). 
The thyroid hormones are preferred, and most preferably thyroxine and tri-iodothyronine. Since some serum, 
including fetal calf serum, contains thyroid hormones and the thyroid hormone binding protein at nanomolar 
levels, it is preferred to use serum-free medium, particularly if thyroid hormones are employed to enhance siie- 
occupanc\ . 

15 The terms "cell culture medium." "culture medium," and "termeniation medium" refer to a nutrient 

solution used for growing mammalian cells that typically provides at least one component from one or more of the 
following categories: 

1 ) an energy source, usually in the form of a carbohydrate such as glucose: 

2) all essential amino acids, and usually the basic set of twenty amino acids plus cysteine: 
20 3) vitamins and/or other organic compounds required at low concentrations: 

4) free fatty acids; and 

5 ) trace elements, where trace elements are defmed as inorganic compounds or naturally-occurring 
elements that are typically required at very low concentrations, usually in the micromolar range. 

The cell culture medium is generally "serum free" when the medium is essentially free of serum from any 
25 mammalian source {e.g. fetal bovine serum (FBS)). By "essentially free" is meant that the cell culture medium 
comprises between about 0-5° o serum, preferably between about 0-I°o serum, and most preferably between about 
0-0. 1 S o serum. Advantageously, serum-free "defined" medium can be used, wherein the identity and concentration 
of each of the components in the medium is known {i.e.. an.undefmed component such as bovine pituiiar> extract 
(BPE) is not present in the culture medium). 
30 In the context of the present invention the expressions "cell", "ceil line", and "cell culture" are used 

interchangeably, and all such designations include progeny. Thus, the words "transformanis" and "transformed 
(host) ceils" include the primary subject cell and cultures derived therefrom without regard for the number of 
transfers. It is also understood that all progeny may not be precisely identical in DNA content, due to deliberate 
or inadvenent mutations. Mutant progeny that have the same function or biological activity as screened for in the 
35 oriiiinallv transformed cell are included. Where distinct desiiznaiions are intended, it will be clear from the context. 

The term "mammalian host cell", "host cell", "mammalian cell", "mammalian recombinant host cell." and 
the like, refer to cell lines derived from mammals that are capable of growth and survival when placed in either 
monolayer culture or in suspension culture in a medium containing the appropriate nutrients and growth factors. 
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The necessarv iirowih rbciors ror a panicular cell line are readiK deiermined empirically without undue 
experimentation, as described, tor example, in Mammalian Cell Culture . Mather. J. P. ed. (Plenum Press: N.Y.. 
1 984). and Barnes and Sato. Cell . 22: 649 { I 980). Typically, the cells are capable ol expressing and secreting large 
quantities of a panicular glycoprotein of interest into the culture medium. Examples of suitable mammalian host 
5 cells within the context of the present invention may include CHO cells ( EP 1 1 7.159. published August 29. 1989: 
U.S. Pat. Nos. 4.766.075: 4. 853. 330: 5.185.259: Lubiniecki ci uL, in Advances in Animal Cell BioIoliv and 
Technology for Bioprocesses . Sp\trctal.. eds. ( 1989). pp. 442-451). for example. CHO derivatives such as CHO - 
DHFR (Urlaub and Chasin. Proc. Natl. Acad. Sci. L?SA . 22: 4216 ( 1980)). CHO-KI DUX Bl 1 (Simonsen and 
Levinson. Proc. Natl. Acad. Sci. L S.A . 80: 2495-2499 ( \ 983 ): Urlaub and Chasin. supra), and dp 12. CHO cells (EP 

10 307.247 published 15 March 1989): rat myeloma YB2.3.oAg20 (WO 86 00127 published April I 1985): mouse 
C127 fibroblasts ( Reddy ci ai, DNA . 6: 461-472 (1987)): mouse senoli cells (TM4. Mather. Biol. Reprod. . 23: 
243-25 1 ( 1980)): human cervical carcinoma cells (HELA. ATCC CCL 2): human lung cells (W 138. ATCC CCL 
75): human liver cells (Hep 02. HB 8065): mouse mammary tumor (MMT 060562. ATCC CCL5 1 ): TRI cells 
(Mather ct ul.. Annals N.^'. Acad. Sci. . 383 : 44-68 (1982)): MRC 5 cells: FS4 cells: and human melanoma cells 

15 (Browne et a/.. Thromb. Haemost. . 54- 422-424 (1985)). Preferred host cells include CHO-Kl DUX Bl 1 and 
dpl2.CHO cells. 

The CHO cells developed for large-scale production of t-PA are maintained cryogenically in a 
MCB/workins cell bank (WCB) system as described by Wiebe et al., in Large Scale Mammalian Cell Culture 
Technology, Lubiniecki. ed.. (Marcel Dekker: New York. 1990). pp. 147-160. DHFR+ CHO-Kl cells transfected 

20 with DN A encodins human t-PA have been deposited at the American Type Culture Collection, Manassas. Virginia 
(ATCC). and are available under accession number CCL 6 1 . A sample of another t-PA-producing CHO cell line 
(CHO cell line 1-15 15) has been deposited under ATCC accession number CRL 9606. The laner cell line was 
reponed to result in human i-PA levels approaching 50 pg/cell/day. 
II. Modes for Carrying Out the Invention 

25 Generai and Specific Features of ' Invention 

It has been discovered that utilizing a factor that modifies growth state in a cell culture ( such as a cell-cycle 
inhibitor, a butyraie salt, or lowering the temperature during the production of a glycoprotein in a mammalian cell 
culture from 37^0 to about 30-35 'O. or utilizing a divalent metal cation that can adopt and prefers an octahedral 
coordination geometry, or utilizing a plasma component, enhances the occupancy of the glycosylation site at a 

30 selected and desired amino acid position of the wild-type glycoprotein. 

For example, this lowering of temperature enhances the occupancy of the glycosylation site at amino acid 
position 184 of wild-type human t-PA and. accordingly, increases the ratio of Type 1 i-PA to Type 11 i-PA. The 
ability to adjust, and increase, the Type 1 to Type ii t-PA ratio is significant, since it enables the manufacturer to 
produce a recombinant protein in which this ratio closely approximates the ratio present in native t-PA (about 1:1). 

35 In addition, the ratio of Type 1 10 Type 1 1 t-P.A affects the solubility and clearance rate of t-PA, and there is evidence 
that an increased Type 1 i-PA concentration somewhat increases the circulatory half-life of t-PA. It is known that 
the hieh-mannose oligosaccharide at amino acid position 1 ! 7 is primarily responsible for the rapid clearance ot 
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native human i-PA. When this oligosaccharide is removed, it has been observed that Type 1 r-PA has a longer half- 
life than Type II t-PA. indicating that there is a secondar\ mechanism on which the extra oligosaccharide present 
on Type I t-PA has a positive effect. The experimental findings herein can be extended to other glycoproteins that 
(like i-PA) have at least one glycosyiation site that is occupied only in a fraction of the glycoprotein product. 
5 If the factor is a butyrate salt, generally the butyraie is present in a concentration of up to about 2 mM. 

more preferably about 0.35 to 2 mM. still more preferably about 0.75 to 1 .5 mM. The concentration thereof to be 
selected within this range depends mainl> on the temperature to which the culture is subjected and the type of 
glycoprotein. Hence, if for t-PA the temperature remains at about 37*^0 or is lowered to about }3-35'C. the 
butyraie concentration is preferably lower than about 1.5 mM. and more preferably is about 0.3 to I mM. most 

10 preferably 0.75 mM. However, if for t-PA the temperature is lowered to about 30-3 I ^C. preferably the buryrate 
concentration is about 1-2 mM. more preferably about 1.5 mM. This illustration shows that more than one of these 
factors may be operating or present in the cell culture. 

In a preferred aspect, the temperature lowering and/or butyrate addition take(s) place during the production 
phase of the growth cycle. In such a scenario, the temperature is lowered to between about 30 and 35 'C and/or a 

15 butyrate salt is added about 48 hours into the production phase. The production phase is suiiabK preceded by a 
growth phase and a transition phase of growth cycle. During the growth phase the temperature is preferably kept 
at about 37°C, and/or during the transition phase the temperature of the culture is preferably lowered to between 
about 30°C and 35°C. more preferably about 31-33'*C. and most preferably about 3 I °C. 

Alternatively, or additionally to the factor(s) above, the cells are cultured in the presence of a divalent 

20 cation as defined above. The choice of divalent cation to use. as well as the specific concentration thereof, depends, 
inter alia, on the type of glycoprotein being produced and the metal cations and other components already present 
in the culture medium and their respective concentrations. For example, if the glycoprotein has a number of thio 
groups, it is preferred to use a thiophilic metal such as manganese and iron, with iron being the most thiophilic 
metal. In contrast, if the glycoprotein contains more oxygen groups, then the oxophilic cations, magnesium and 

25 calcium, are preferred. If calcium ion is already present in sufficient quantities in the medium, it is not typically 
used for the purposes herein and a different metal cation is used. Further, the size of the metal cation may have an 
influence, with iron and magnesium being smaller and calcium and manganese being larger. Sieric effects due to 
sulfur groups on the glycoprotein may dictate a cation of smaller ionic radius- The preferred divalent metal cation 
herein is manganese, magnesium, or iron, more preferably manganese or iron, and most preferabi> manganese. 

30 The divalent metal cation is preferably present in the culture medium during the whole cultivation time, 

and at ieast is added during the growth phase. The concentration thereof generally ranges between about 10 nm 
and 150 uM. preferably from about 10 nm to 100 uM for manganese and from about 20 uM to 100 uM for iron. 

In another alternative, alone or together with the divalent cation and/or factor, a plasma component is 
present during the culturing. The plasma component is typically present in an amount from about 1 nM to 1 5-20 

35 jiM. depending mainly on the type ot'glycoprotein being produced, the r\pe of plasma component utilized, and the 
scale of fermentation. For example, if the plasma component is a thyroid hormone, it is preferabK present in an 
amount of about 1- 1 50 nM. preferably about 10-100 nM. If the plasma component is glutathione, ii is preterably 
present at about I - 1 0 ^M. and if hydroconisone. it is preferably present at about 5- 1 5 nM, preferabK about 1 0 nM. 
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PreterabK - the plasma component is a hormone, more preferably a thyroid hormone, and most preferably thyroxme 
or iri-iodoth>ronine. 

The deiiree of site-occupancy to be achieved for the glycoprotein is balanced against the desired degree 
of secretion of the glycoprotein, which is generally taken into account in selecting which factors and other 
5 components to emplo\ . and at what concentrations or temperatures. For example, site-occupancy is generally 
controlled in a select range of about -5% without affecting t-PA secretion. 
CcU Culiure Pmccdttres 

Accordinii to the present invention mammalian cells are cultured to produce a desired glycoprotein 
product. In choosing a host cell for the production of the glycoprotein within the context of the present invention. 
10 it is important to recognize that different host ceils have characteristic and specific mechanisms for the translational 
and post-translational processing and modification (e.g.. glycosylation. cleavage) of the proteins expressed. 
Appropriate cell lines should be chosen to ensure that the desired post- translational modifications are possible. 
Alternativelv. host cells can be modified to express a desired gene product required for the specific post- 
translational modification. 

] 5 In panicuiar. the mammalian cells that express the desired glycoprotein should express or be manipulated 

toexpressthepanicularenzymes such that under suitable conditions, the appropriate post-translational modification 
occurs in vivo. The enzymes include those enzymes necessary for the addition and completion of N- and O-linked 
carbohydrates such as those described in Hubbard and Ivart. Ann.. Rev. Biochem. , 50: 555-583 ( 1 98 1 ) for N-Iinked 
oliaosaccharides. The enzymes optionally include oligosaccharyltransferase, alpha-glucosidase i.alpha-glucosidase 

20 II. ER alpha( 1 .2)mannosidase. Golgi alpha-mannodase I. N-acetylyglucosaminyltransferase I. Golgi alpha- 
mannodase II. N-acetylyglucosaminyltransferase II. alpha( K6)fucosyltransferase. 0( 1 ,4 )galactosy {transferase, and 
an appropriate sialyltransferase. 

For culturing the mammalian cells that express the desired glycoprotein and are capable of adding the 
desired carbohydrates in specific position and linkage, numerous culture conditions can be used, paying panicuiar " 

25 anention to the host cell being cultured. Suitable culture conditions for mammalian cells are well known in the an 
( J. Immunol. Methods . 56: 221-234 (1983)) or can be easily determined by the skilled anisan (see. for example. 
Animal Cell Culture: A Practical Approach 2nd Ed., Rickwood. D. and Flames. B.D.. eds. (Oxford Universir> Press: 
New York. 1992)). and vary according to the panicuiar host cell selected. 

The mammalian cell culture of the present invention is prepared in a medium suitable for the panicuiar 

30 cell beine cultured. The nutrient solution may optionally be supplemented with one or more components tVom any 
of the following categories: 

1 ) plasma components as defined above and/or growth factors such as. for example, insulin. 

transferrin, and EOF: 

2) salts and buffers such as. for example, sodium chloride, calcium, magnesium, phosphate, and 

35 HEPES: 

3) nucleosides and bases such as. for example, adenosine, thymidine, and hypoxanihine: 

4) protein and tissue h\ drolysates: 

5) antibiotics such as GENTAM YCIN drug: and 

-15- 
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6) lipids such as iinoleic or other fatty acids and iheir suiiable carriers. 

Any other necessar\' supplcmenis may also be included at appropriate concentrations that would be known 
to those skilled in the an. 

Commercially available media such as Ham's FIG ( Sigma l Minimal Essential Medium (MEM. Sigma). 
5 RPMM 640 f Sigma), and Dulbecco's Modified Eagle's Medium (DMEM. Sigma i are exemplary nutrient solutions, 
hi addition, any of the media described in Ham and Wallace. Meth. Enz. . 5S : 44 ( 1979): Barnes and Sato. Anal. 
Biochem. . 102 : 255 (1980): U.S. Patent Nos. 4.767.704: 4.657,866: 4. 02:-. 762: 5.122.469 or 4.560.655: WO 
90 03430: and WO 87 00195: may be used as culture media. Any of these media may be supplemented as 
necessar> with the components as mentioned above. 
10 The use of a special medium lacking animal serum (serum-free medium) is preferred to avoid 

interference or counter-action from components of the serum with one or more of the factors, divalent metal cations, 
plasma components, or other ingredients employed in accordance with the present invention. Moreover, the 
concentration of the amine groups should be sufficiently high to keep t-P.A in solution as the concentration 
increases. This can be achieved by using greater than about I mM lysine concentrations, by the presence of 
15 HEPES. or by the use of sufficiently high ammonium chloride concentrations, although any other amine or 
ammonium source will do. 

If the goal is to produce t-PA in substantially single-chain form, the culture medium (just as the medium 
used in the subsequent recovery and purification steps) contains a protease inhibitor, such as aprotinin. alpha- 1 
antitrypsin, alpha-2 macrogiobulin, soybean trypsin, etc. Preferably, aprotinin is employed at a concentration of 
20 about 5 to 100 KlU/ml. more preferably about 10 KlU/ml in the t-PA production medium. 

in a panicuiarly preferred embodiment, the mammalian host cell is a CHO cell, preferably CHO-KI DUX 
B I I . The necessary nutrients and growth factors for the medium, including their concentrations, for a panicuiar 
cell line, are determined empirically without undue experimentation as described, for example, in Mammalian Cell 
Culture . Mather, ed. (Plenum Press: NY. 1 984) and by Barnes and Sato. Cell . 22: 649 ( 1 980). A suitable medium 
25 contains a basal medium component such as a DMEM/HAM F-12-based formulation (for composition of DMEM 
and HAM FI2 media and especially serum-free media, see culture media formulations in American Type Culture 
Collection Catalogue of Cell Lines and H>bridomas. Sixth Edition. 1 988. pages 346-349). with moditled 
concentrations of some components such as amino acids, salts, sugar, and v itamins, and optionally containing 
glycine, hypoxanihine. and thymidine: recombinant human insulin. hydroKzed peptone, such as PRIM.ATONE 
30 HS™ or PRIM ATONE RL™ (Sheffield. England), or the equivalent: a cell protective agent, such as PLURONIC 

TNI ' ■ T\I 

F68 ■ or the equivalent pluronic polyol: GENTAM YCIN : and trace elements. The formulations of medium as 
described in U.S. Pat. No. 5.1 22.469. characterized by the presence of high levels of cenain amino acids, as well 
as PS-20 as described below, are panicuiarly appropriate. 

The glycoproteins of the present invention may be produced by growing cells wliich express the desired 
35 glycoprotein under a variety of cell culture conditions. For instance, cell culture procedures for the large- or small- 
scale production of glycoproteins are potentially useful within the context of the present invention. Procedures 
including, but not limited to. a tluidized bed bioreactor. hollow fiber bioreactor. roller bottle culture, or stirred tank 
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bioreactor system may be used, in rhe later iwo systems, with or u iihoui microcamers. and operated alternatively 

in a batch, fed-batch, or continuous mode. 

In a preferred embodiment the cell culture of the present invention is performed in a stirred tank 
bioreactor system and a fed-batch culture procedure is employed. In the preferred fed-batch culture the mammalian 
host cells and culture medium are supplied to a culturing vessel initially and additional culture nutrients are fed, 
continuouslv or in discrete increments, to the culture during culluring. with or without periodic ceil and/or product 
harvest before termination of culture. The fed-baich culture can include, for example, a semi-continuous fed batch 
culture, wherein periodically whole culture (including cells and medium) is removed and replaced by fresh 
medium. Fed-batch culture is distinguished from simple-batch culture in which all components for ceil culturmg 
( including the cells and ail culture nutrients) are supplied to the cuiiuring vessel at the start of the culturing process. 
Fed-batch culture can be funher distinguished from perfusion culturing insofar as the supemaie is not removed 
from the culturing vessel during the process (in perfusion culturing. the cells are restrained in the culture by. e.g., 
filtration, encapsulation, anchonng to microcarriers etc. and the culture medium is continuously or interminently 
introduced and removed from the culturing vessel). 
15 Further, the ceils of the culture may be propagated according to any scheme or routine that may be 

suitable for the particular host cell and the panicuiar production plan contemplated. Therefore, the present 
invention contemplates a single-siep or multiple-step culture procedure. In a single-step culture the host cells are 
inoculated into a culture environment and the processes of the instant invention are employed during a single 
production phase of the ceil culture. Alternatively, a multi-stage culture is envisioned. In the multi-stage culture 
20 ceils may be cultivated in a number of steps or phases. For instance, cells may be grown in a first step or growth 
phase culture wherein cells, possibly removed from storage, are inoculated into a medium suitable for promoting 
orowth and high viability. The cells may be maintained in the growth phase for a suitable period of time by the 
addition of fresh medium to the host cell culture. 

Accordins to a preferred aspect of the invention, fed-batch or continuous cell culture conditions are 
25 devised to enhance growth of the mammalian cells in the growth phase of the cell culture, in the growth phase cells 
are grown under conditions and for a period of time that is maximized for growth. Culture conditions, such as 
temperature, pH. dissolved oxygen ( DO2)- and the like, are those used with the panicuiar host and w ill be apparent 
to the ordinarily-skilled anisan. Generally, the pH is adjusted to a level between about 6.5 and 7.5 using either an 
acid (e.ii., C0->) or a base {e.g.. Na-.CO:; or NaOH). A suitable temperature range for culturing mammalian celts 
30 such as CHO cells is between about 30 to 40'C and preferably about 37"C and a suitable DO^ is between 5-^0% 
of air saturation. 

At a panicuiar stage the cells may be used to inoculate a production phase or step of the ceil culture. 
Alternatively, as described above the production phase or step may be continuous with the inoculation or growth 
phase or step. 

35 According! to the present invention, the cell-culture environment during the production phase or the cell 

culture is controlled. In a preferred aspect, the production phase of the ceil culture process is preceded by a 
transition phase of the cell culture in which parameters for the production phase of the cell culture are engaged. 
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T-PA production in mammaiian. e.ii.. CHO. cells i>pically employs a semi-coniinuous process whereby 
cells are culture in a "seed-train" for various periods ofiime and are periodically transferred to inoculum fennentors 
to initiate the cell-amplification process en route to t-PA production at larger scale. Thus, cells used for rt-PA 
production are in culture for various periods of time up to a maximum predefined ceil age. The parameters of the 
5 cell culture process, such as seed densii> . pH. DO^ and temperature during culture, duration of the production 
culture, operating conditions of harvest, etc. are a function of the particular ceil line and culture medium used, and 
can be determined empirically, without undue experimentation. 
Rcc(fvcr\- f)ffhe G/vcoprofetn tram the Cell Culture 

Following the polypeptide production phase, the glycoprotein of interest is recovered from the culture 
10 medium using techniques which are well established in the an. The glycoprotein of interest preferably is recovered 
from the culture medium as a secreted polypeptide, although it also may be recovered from host cell lysaies. 

.As a first step, the culture medium or lysate is centrifuged to remove paniculate cell debris. The 
g!\coprotein thereafter is purified from contaminant soluble proteins and polypeptides, with the following 
procedures being exemplary of suitable purification procedures: by fractionation on immunoafflnit> or ion- 
1 5 exchange columns: eihanol precipitation: reverse phase HPLC: chromatography on silica or on a cation-exchange 
resin such as DEAE: chromatofocusing: SDS-PAGE; ammonium sulfate precipitation: gel filtration using, for 
example. SEPHADEX G-75™: and protein A SEPHAROSE™ columns to remove contaminants such as IgG. A 
protease inhibitor such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to inhibit proteolytic 
degradation during purification. One skilled in the an will appreciate that purification methods suitable for the 
20 glycoprotein of interest may require modification to account for changes in the character of the glycoprotein upon 
expression in recombinant cell culture. 

Also of utility within the context of the present invention are purification techniques and processes that 
select for the carbohydrates of the invention. Such techniques include, for example, ion-exchange soft gel 
chromatography or HPLC using cation- or anion-exchange resins, wherein the more acidic or more basic fraction 
25 is collected, depending on which carbohydrate is being selected for. 

In a preferred embodiment. CHO cells capable of producing ht-PA are grown as a suspension in a CHO 
medium to a predetermined cell densii>'. The cell suspension may be concentrated by cross-flow nitration. .Active 
ht-PA is produced subsequently by the CHO cells suspended in the serum-free expression medium. The ht-P.A thus 
produced is secreted by the CHO cells into the expression medium and may be separated from it by standard 
30 techniques. 

Several techniques ma\- be used for recoverx- of the i-PA. For example, at the end of the culture, 
tangential flow filtration, including high-pressure-tangential flow filtration, can be used to remo\e the medium 
containing t-PA from the cells. 

The cell culture supematanis may concentrated- diaflliered. and loaded onto an affinity column capable 
35 of specific binding of t-PA. typically a lysine affinity column. Under the chromatography conditions employed, 
t-PA adheres selectively to the affinity column from which it can be recovered and subjected to funher purification. 

In the diafiitration step, the supernatant of the cell culture on a dialysis membrane may be diaflliered with 
a dialysis bufTer comprising propylene glycol, the solution obtained by diafiitration may be loaded on an afTiniiy 
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column capable ot scleciive binding ol t-PA. anO t-PA may be elmed from ihe affiniiy column w.ih a buffer at a 
pH of about 5.0 to about 9.0. The affinity column preferably is a lysine affinity column, which is preferably eluted 
at a pH of about 5.0 to about 8.5. more preterabK irom about 6.0 to about 8.5. Lysine aiTmiiy columns are well 
known in the an and are commercially available. Suitable columns include L> sine CFG ( Bioprocessingi. ECH 
Lvs.ne CL^"' (Pharmacia I. and Lysine Hyper d'^' (Biosepra). The gel is preferably equilibrated with a 50 mM 
Na,HP04 or K.HPO^ solution ( pH 7.5 ) prior to loadmg of the t-PA solution. The eluiion buffer typically contains 
200mMarginine.and50mMNa.HPO4orK2HPOa(pH7.5). Preferably, the elution buffer additionally contains 

propvlene glycol in a concentration of about 2.5 to about 20° o. 

After the foregoing recovery/initial purification steps, the feed stream containing 0.5 to 3.0 ma ml t-PA 
simultaneously generally contains about 0.05 to 5 ng ml of DN A as determined by a DNA dot blot assay using "'"P- 
labeled DNA derived from the same cell line, resulting in a calculated clearance of approximately 2 .x 10 -fold 
(dependmg on the source of the lysine resin and on the wash conditions used ). To further reduce the level of DNA 
in the product to less than one picogram per human dose, a specific ion-e.xchange step may be incorporated into 
the purification procedure, using commercially available ion-exchange columns, such as DE-52™ column 
15 (Whatman I. or DEAE-SEPHAROSE FAST FLOW™ column ( Pharmacia). 

The purification protocol funher includes additional steps that inactivate and/or remove retroviruses that 
might potemially be present in the cell culture fluid of continuous mammalian cell lines. A significant number of 
viral clearance steps are available, including additional ultrafiltration/diafiltration steps, treatment with chaotropes 
such as urea or guanidine. pH e.xtremes. detergents, heat, chemical deri vatization. such as formaldehyde, proteases. 
20 conventional separation, such as ion-exchange or size exclusion chromatography, organic solvents, etc. The 
particular step(s) chosen for viral removal is/are not critical aspect(s) of the present invention, and need to meet the 
following criteria for t-PA. 1 . t-PA must be stable under the treatment conditions while the target virus must be 
sensitive to the treatmem. and 2. the "window of clearance" must be maximum. The "window of clearance" is 
defined for this purpose as the ratio of initial virus titer (spike) in the process fluid prior to the treatmem to virus 

25 titer after the treatment of the process tluid. 

The recombinant human t-PA recovered and purified following the foregoing protocol typically is at least 
about 97-99.9'^« pure (depending on the lysine resin). If necessary, funher purification can be achieved by 
additional steps, such as cation-exchange chromatography. Accordingly, the product is suitable for therapeutic 
applications. Various variants of native human t-PA can be purified by essentially the same procedure, and other 

30 glycoproteins may be purified by procedures used for their wild-type counterparts, using procedures well-known 
in the an. 

The present invention is funher illustrated by the following, non-limiting examples. It is noted that the 
method of the present invemion is equally applicable to the production of other glycoproteins having more than 
one glycofonn in mammalian cell cultures, and the modifications that might become necessar>- in the course of the 
35 adaptation of the exemplified method to the production of different glycoproteins are well within the skill of an 
ordinal artisan. 
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EXAMPLE f 
Temperature shin in the produciion ot"rhr-PA 

Materials and Stefhods 

QWO cells: The CHO cell line used as the mammalian host cell line was derived from CHO-K 1 ( ATC 
5 No. CCL6 1 CHO-K 1 ). and isa CHO-R 1 muiani dihydrotblate reductase ( DHFR*)-dericient cell line named CHO- 
Kl DUX-BI I ( DHFR) lobiained from Dr. L. Chasin of Columbia University: Simonsen and Levinson. supra: 

Urlaub and Chasin. supra). 

PS-20 basal medium: The components of this medium are listed in Table I below. 

TABLE 1 

10 Component Concentration (mg/l) 

Calcium chloride, anhydrous 1 16.61 
Cupric sulfate, pentahydrate 0.0012 
Ferric nitrate, nonahydrate 0 0? 

Ferrous sulfate, hepiahydrate 0.4 I 7 

15 Potassium chloride 7?9.0 

Magnesium sulfate. anh\drous 48. 83? 

Magnesium chloride, anhydrous 143.0? 

Sodium phosphate, monobasic, monohydrate 62.? 
Sodium phosphate, dibasic, anhydrous 71 .02 

20 Zinc sulfate, hepiahydrate 0.4315 
Linoleic acid 0.294 
Lipoic acid (DL thioctic acid) 0.735 
Putrescine. dihydrochloride 0.5635 

Sodium pyruvate 385.0 



25 Alanine 



Glutamic acid 



35 Leucine 



Proline 
40 Serine 



Valine 
45 Biotin 



Folic acid 
50 i-inositol 

Nicotinamide 



1.15 



Arginine, monohydrochloride 780.5 
Asparagine, monohydrate 52. ?3 

Aspartic acid 46.?? 

Cysteine, monohydrochloride. monohydrate 122.92 
0 Cystine, dihvdrochioride 3 1.28? 



51.45 



Glutamine 1606.0 
Histidine. monohydrochloride. monohydrate 94.36 
Isoleucine 66.29 



98.3? 



Lysine, monohydrochloride 200.7? 
Methionine 30. 6S 

Phenylalanine ?0.36 



120.75 
57.7? 

Threonine 89.1? 
Tryptophan 1?.14 
Tyrosine, disodium salt, dihvdraie "79. 12? 

87.9? 

0.0256 

D-Calcium pantothenate ^-68 
Choline chloride ?0.86 
Cvanocobalamin (B 12) '6 

6.55 

66.60 
2. 1295 



PyridoxaL monohydrochloride 2.000 
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Pvridoxine. monohvdrochloride 

Ribonavin ^ 

Thiamine, monohvdrochloride ^ - 

^, ^ 4301.0 
G ucose 

'>440 0 

Sodium bicarbonate "onn n 

Sodium chloride ^ n{\r c 

Pluronic F-68 Prill \ J^ n 

HEPES -'^f 
Phenol Red 



For convenience, the solid ingredients ot the medium may be combined together with the amino acids, and 
this mi.xture may be stored as a single unit. 
T> pe I Type 11 l-PA assav: 

1. Thaw cell culture supernatant sample (If whole broth, spin out cells in centrifuge.) 

I^ 2. Add 2 Lil freshly thawed plasminogen to 400 ul of sample. 

3. Incubate at 37 'C for 60 minutes. 

4. Add 20 ui freshly-thawed 1.V1 DTT and 400 ul 8 M guanidine-HCl 50 mM TRIS 3.2 mM 

EDTA solution. 

5. Incubate at 37"C for 15 minutes, 

20 6. Transfer to vial and load 250 pi for assay on HPl 090"^^^ HPLC using the following conditions: 

ZORBAX™ CS column at 40"C: 

Monitoring of eluents by fluorescence (excitation at 275 nm. emission at 340 nm); 
Running each sample with the following 70-minuie method where eluent A is 0. 1 % trifluoroacetic 
acid (TEA) in water and eluent B is 0. 1% TEA in acelonitrile: 
25 0 to 5 min. - 75% A (and 25% B) 

5 to 35 min. - a linear gradient from 75*^0 A to 60% A 
35.1 to 45 min. - 0% A 

45 min. to 70 min. - 75% A to re-equilibrate the column 
T\ pe I/Tvpe II fragments elute after approximately 25 minutes, and peak areas are integrated to 
30 determine relative quantities. 
Protocol 

Recombinant hi-PA-producing CHO cells were carried in spinner tlasks passaged every 3 or 4 days (at 
a density of 0.1% packed cell volume (PCVi) in selective medium (PS-20 basal medium supplemented with 500 
mM methotrexate. 10 mg L recombinant human msuiin (rh-insulin ). 0. 1 ml L trace elements, and 0.05 ml L lipid- 

35 eihanol). Sufficient culture was removed to seed 15 ml of medium at 0.2% PCV. and placed, in a 50 ml sterile 
Falcon tube. The culture was centnfuged for 10 minutes at 700-1000 rpm and the supernatant was poured off. 
Upon addition of 15 ml of fresh selective medium, the culture was agitated gently to resuspend cells. Five ml of 
culture was placed m three T-25 flasks (25 cm" T-tlasks). The caps were left loosened to allow equilibration with 
incubator atmosphere and the flasks were placed in a 33-C or 3 1 incubator with 5% carbon dioxide. After 5 to 

40 8 days of incubation, the cells were counted using a hemacytometer and/or by checking packed cell volume, and 
viability was checked using trv'pan blue. The culture was removed from the tlasks. centrifuged for 10 minutes at 



:)OClD: <WO 0065070A2 I > 



wo 00/65070 



.PCT^USOO/10810 



2000-2200 rpm. and the supemaiani was assa\ed for rhi-PA giycosyiation. Aliematively lo the T-25 Hasks. the 
ceils were cultured using 60-mm cell culture plates in triplicates. 

Supemaianis were frozen at -20 T or -70 'X until the Type Ml t-PA analysis took place. 

For spinner experiments, the foregoing protocol was used, except the cells were passaged into 200 mi of 
5 fresh medium twiih initial PCV of 0.1 ''o). in a 250-ml spinner Hask. The caps were closed tightly on the flask, 
which was then placed in the 33 'C or 31 'C incubator on a magnetic stir plate at 60 rpm. 

The mini-fermentor experiments were performed under standard i-PA production conditions in fed-batch 
mode as noted herein in 5-iiier stirred tank bioreaciors ( Applikon. Foster City. CA ). The temperature was shifted 
to 33 'C or 3 I ""C on day 2 of the production phase. 
10 For control experiments, the foregoing experiments were followed, except thai incubation took place at 

37 °C. Further, experiments were performed as above in 12-K fenmeniors over the course of 200 hours and the 
percentage of Type I t-PA was assessed. 

For the experiments herein and below, culture conditions were usually changed on da\ I (e.g.. addition 
of different media components) and day 2 (e.g.. temperature shift). 
1 5 Res tilts 

t-PA site occupancy at Asn-184 was found to be relatively consistent across a variety of scales (T-flask. 
spinner, and 80-L. 400-L, 2000-L. and 12.000-L fermentors) (Figure 2) and from run to run in production. The 
factors that can affect site occupancy include those factors affecting oligosaccharide-dolichol availability (dolichol 
phosphate, lipids, and hormones ), factors affecting protein translation elongation rate (e.g., cyclohexamide ). factors 

20 affecting oligosaccharyltransferase activity or protein folding rate (e.g., dithiothreitoJ). and factors acting through 
unknown mechanisms, such as time in culture. Illustrating the lattermost phenomenon. Figure 3 shows graphs of 
the percentage of Type I human t-PA in cell cultures of CHO cells at 37''C as a function of 1 2K-fermentation run 
time, with each graph line representing a different run. These results show that site-occupancy increases over the 
course of a batch culture (over culture length). 

25 Figure 4 shows that reducing temperature increases t-PA site occupancy. SpecificalK*. Figure 4.A shows 

the results of laboratory-scale experiments performed for 5-7 days (T-flasks and spinner flasks). In the control 
experiments, where in the production phase the temperature remained 37''C, the product contained about 38" o Type 
I t-PA. In contrast, in the experiments where in the production phase the temperature was lowered to 33 "C. the t- 
PA product obtained contained about 43-46°o Type 1 l-PA. Figure 4B shows the results of bioreactor experiments. 

30 indicating that the lower temperature similarly yields a higher percentage of Type I t-P.A. 

EXAMPLE 2 
But\ rate addition in the production of rht-PA 

Mtncrials at id Methods 

The quantity of ceils needed for a 0.2°o packed cell volume seed density was ceiitrifuged ai 
approximateK 700 x g for 10 minutes, and resuspended in 25 cm" T-Hasks in the appropriate fresh medium tor 
each test case. The T-flasks were set up in triplicate with 5 mL in each flask and incubated for 3 to 4 days at 37"C 
and 95**'o air/5?'o CO^- Sodium butyraie was added to a concentration of 0.375 niM. 0.75 mM. or 1 .5 mM at the 
lime of inoculation for the 25 cm" T-tlasks. Cells were also cultured in spinner tlasks at volumes of 1 00 ml with 
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similar butyrate concentrations to :he T-tlask cases. For lermentor experiments, buiyrate was added on the second 
day ofihe expenmenis. T-tlask cultures were aiso carried out at 33 C and 3^ C with no butyrate additions. The 
data shown tor the T-tlask cultures ai 33 C are from two triphcate experiments ( n-6 ). T-PA site-occupancy was 
anai\ zed using the method of Example 1 
5 Results 

Fi-ure 5 shows that the presence of sodium butyrate at concentrations of 0.375 to 1 .5 mM at the time of 
inoculation increased l-PA site-occupancy in the T-tlasks at 37^C. The same increased effect was obsened for 

the spinner tlask and fermentor experiments. 

Figure 6 shows that for the 60-mm culture plate experiments, temperature shifts to 33 and 3 1 X had 
10 the largest effect and increased t-PA site-occupancy gradually up to 6° o. 0.75 mM butyrate increased the Type 1 
content slightly (about 1%) compared to no butyrate ( Fig. 6). In contrast, a further increase of the butxrate 
concentration ( 1 .5 mM ) lowered siie-occupancy at 37^-C and 33X. but increased it at 3 1 (Fig. 6). 

Figure 7 shows the effect of temperature and butyrate on i-PA site-occupancy in 5-liier bioreactors. The 
Type 1 content was analyzed on days 5-7. Decreasing temperature from 37^C to 33 increased t-PA site 
15 occupancy. However, increasing the bufxrate concentration from 0.75 to L5 mM decreased the Type I content at 
both temperatures. This cont'inns the data obtained in 60-mm plate experiments (see Fig. 6). 

EXAMPLE 3 

Cetl-cvcle inhibitor addition in the production of rht-PA 

introduction 

20 Temperature reduction, culture length, and butyrate addition were found to increase the glycosyiation of 

t-PA at the Asn-184 site, as noted in Examples I and 2. All of these factors coirespond with decreased cell growth 
rate, leading to the hypothesis that glycosyiation and site-occupancy are cell-cycle dependent. This hypothesis was 
tested by performing two additional experiments reflected in this example using cell-cycle Inhibitors (quinidine and 

thymidine). 

25 Materials and Met hods 

Cells were cultured as for the sodium butyrate experiment described in Example 2. Thymidine was 
dissolved in water and sterile filtered for a 33-36X stock solution. Quinidine was made up in dimethyl sulfoxide 
(DMSO) and Hltered to make a 1000-lSOOX stock. Thymidme and quinidine were added to the cultures at the 
time of inoculation to final concentrations of 250 ug mL and 90 ^iM. respectively. T-PA site-occupancy was 

30 analyzed using the method of Example 1. 
Results 

The celt cycle analysis for the control, the quinidine. and the thymidine is shown in Table 2. as determmed 
bv model F ANl T3.MOD. 
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TABLE : 
Cell-Cycle Analysis 



/\n*4i\ 515 




O u i n i d i n e 

u till \-J III W- 


Thymidine 


GO Gl 


53.9!°oai 84.70 


67.34% at 84.65 


32.58% ai 84.60 


G2-M 


1 1.72% at 165.58 


8-55°oai 165.45 


10.09^'oai 165.36 


S 


34.37% 


24.1 l°o 


57.33% 


g: Gl 


1.95 


L95 


1.95 


°oCV 


1.97 


1.79 


1.99 



10 Fi2ure 8 shows that site occupancy and cell-cycle position vary similarly overtime in a culture. Figure 

9 shows that quinidine blocks the ceils in the GO/G 1 phase (with 67**o in the GO G 1 phase) and results in increased 
site occupancy as compared to the control with no cell-cycle inhibitor (54^o in the GO/G 1 phase), and thymidine 
causes the cells to accumulate in the .S.'G2 phases (with 33° o in the GO/G 1 phase) and results in decreased site 
occupancy as compared to the control. These results confirmed that factors that increase the proponion of cells in 

1 5 the GO/G 1 phase increase site occupancy. 

EXAMPLE 4 

Divalent metal cation, nucleotide sugar precursor, and hormone addition in the production of rhi-PA 
Materials and Methods 

All experiments were done in 60-mm culture dishes using the procedure described in Example I except 
20 that a Mn salt, Fe salt, nucleotide sugar precursor, or hormone was added to the growth medium during the growth 
phase, with Mn or Fe salt or nucleotide sugar precursor added on day 1 . All plates were inoculated at a seeding 
density of 0.1% PCV and a working volume of 6-8 ml. All cases were done in triplicates. Plates were incubated 
at 37''C in CO^ incubators. 

The amounts of MnCN or ferric citrate in the growth medium during the growth phase were increased. 

25 For MnCl-> 3 nM was the control, with increasing amounts of MnCIn at concentrations of I 0 nM. 100 nM. I uM. 

10 ivNL and 100 uM. For ferric citrate, the control was no salt, with increasing amounts at 10, 50. and 100 uW. 

The amounts of uridine, adenosine, and guanosine were 0.5 mM each and the amount of mannose was 5 
e/l (2uanosine and mannose were combined), and -GHT is selective medium minus glycine, hypo.xanthine and 
thymidine. 

30 The amounts of tri-iodoihyronine and thyroxine employed in the culture medium were increased relative 

to a control with no hormone, with amounts of 1 nM. 1 0 nM. or 1 00 nM tri-iodothyronine. or I nM. 1 0 nM. or 1 00 
nM thyroxine. 

T-PA siie-occupanc\' was analyzed on days 4-6 (manganese, iron, or nucleotide sugar precursor 
experiment) or on day 7 (hormones) using the method described in Example I. 
35 Results 

The effect of increasing manganese concentration on t-PA site-occupanc\ (triplicate runs) is shown in 
Figures iOA and I OB. Supplementing the medium with additional manganese over the 3 nM control value 

-24- 
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sionificanily increased the i-PA T> pe i conteni ( improved siie-occupancy ) about 2.5%. A positive tiiraiion effeci 
was observed between 3 nM and 100 nM. No funher improvement occurred when increasing the concentration 
up to 100 uM. which is still an effective concentration. 

Oii20sacchar\ liransferase requires Mn"" ions for maximal activity, but other divalent metal cations with 
an octahedral coordination geometry, includinii Mg. Ca. and Fe will support transfer, albeit at reduced rates 
(Hendricksonand Imperial i. iz/Pra. and Kaurman a a/., supra). Hence, the effeci of Fe2- on t-PA site-occupancy 
was investigated. As is evident from Fig. I 1 . the addition of 10-100 uM Fe"" (feme citrate) increased t-PA site 

occupancy gradually up to about 4**o. 

Increasimi the availability of nucleotide sugar precursors (e.g., nucleosides, mannose. glycine, thymidine, 
or hypoxanthine i did not improve site-occupancy. Moreover, the addition of uridine and guanosine decreased l-PA 

site-occupancy about 2^o (see Fig. 12 ). 

The effect of thyroid hormones (thyroxine and tri-iodothyronine ) on t-PA siie-occupancy is shown in 
Fi-ures 13A and 13B. These hormones increased site-occupancy about 2%. and it is expected that other plasma 
components as defined above would similarly have such an effect. 



In conclusion, several culture conditions that affect t-PA N-giycosylation site-occupancy have been 
identified. These factors are poieniially useful to further improve product consistency. T-PA site occupancy at 
Asn-1 84 is relatively consistem across a variety of conditions, including a variety of scales (T-flask. spinner, 80- 
20 liter,400-liter. 2000-liter, and 1 2. 000-i iter), and from run to run in production. Factors that increase the proportion 
of cells in the GO/G I phase, such as temperature, butyrate,and cell-cycle inhibitors, increase site occupancy, as do 
increased amounts of cenain divalent metal cations and/or plasma components preferably present during the whole 
cultivation time. 

The entire disclosures of all citations cited throughout the specification, and the references cited therein, 

25 are hereby expressly incorporated by reference. 

Althoush the foregoing refers to panicular preferred embodiments, it will be understood that the present 
invention is not so limited. It will occur to those ordinarily skilled in the art that various modifications may be 
made without divening from the overall concept of the invention. All such modifications are intended to be within 
the scope of the present invention. 

30 
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WHAT IS CLAIMED IS: 

1 . A process tor producing a glycoprotein comprising culruring mammalian host cells expressing nucleic acid 
encoding said glycoprotein in the presence or(a) a factor that modifies growth state in a cell culture, (b) 
a divalent metal cation that can adopt and prefers an octahedral coordination geometr\. or cl a plasma 
component. \v hereb\ the occupanc> of an N-linked glycosylation site occupied only in a fraction of the 
Liiycoprotein is enhanced in the gi>coproiein so produced. 

2. The process of claim 1 wherein said factor is a cell-cycle inhibitor that blocks cells in the GO G 1 phase, 
a butyrate salt, or a temperature of the culture of between about 30 and j.^'^C. 

The process of claim 2 u herein said cell-cycle inhibitor is quinidine. 



4. The process of claim 2 wherein the butyrate salt is present in a concentration of about 0.35 to 2 mM. 

5. The process of claim 1 w herein more than one factor is present. 

6- The process of claim 5 wherein the culturing takes place at a temperature of between about SO' C and 

35 °C and in the presence of about 0.75 to 1.5 mM of a butyrate salt. 

7. The process of claim I wherein the divalent metal cation is present during the whole cultivation time at 
a concentration of between about 10 nM and 100 uM. 

8. The process of claim 7 wherein the divalent metal cation is manganese or iron. 
Q The process of claim I wherein the plasma component is a thyroid hormone. 

10. The process of claim 1 herein said mammalian host cell is cultured in a serum-free medium. 

i 1. The process of claim 10 wherein said mammalian host ceil is cultured in a production phase of growth 
cycle and said factor is present. 

12. The process of claim 1 i wherein the culturing takes place at a temperature between about 30 and 35 ~C 
and a butyrate salt is added about 48 hours into the production phase. 

13. The process of claim 1 1 wherein said production phase is preceded by a growth phase and a transition 
phase of growth cycle. 
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14. The process ofclaim 13 wherein durin>^ rne tirowih phase ihe temperature is kept at about 37'C. 

15. The process ofclaim 14 wherein ciurinii the transition phase the temperature of the culture is lowered to 
between about 30''C and jS^C. 

16. The process ofclaim 15 wherein said lowered temperature is about 51 C. 

17. The process ofclaim I wherein the host cell is a Chinese hamster ovar> (CHO) ceil. 

18. The process ofclaim 1 wherein the glycoprotein is a tissue piasmmo^en activator (t-PA) or plasminogen, 
|Q. The process ofclaim 18 wherein the t-PA is human t-PA. 

20. Glycoprotein produced by the process ofclaim I. 

21. A process for producing human tissue-plasminogen activator (t-PA). comprising culturing Chinese 
hamster ovary cells expressing nucleic acid encoding said t-PA in a serum-free medium in a production 
phase at a temperature of between about 30°C and 35=C and in the presence of about 0 to 2 mM of a 
butvrkte salt, wherebv the occupancy of an N-linked glycosylation site occupied only in a fraction of t-PA 

is enhanced in the t-PA so produced. 



22. A process for producing human tissue-plasminogen activator (t-PA) comprising culturing Chinese 
hamster ovary cells expressing nucleic acid encoding said t-PA in a serum-free medium in a growth phase 
at a temperature of about 37-40°C. wherein said medium comprises from about 10 nM lo 100 ^iM of a 
divalent metal cation that can adopt and prefers an octahedral coordination geometr> : culturmg said cell 
in a transition phase at a temperature of about 37-40^C: and culturing said cell m a production phase 
wherem after about 48 hours into the production phase the temperature is lowered to between about 30°C 
and 35 'C and about 0.75 to 1 .5 mM of a butyrate salt is added to the medium, whereby the occupancy of 
an N-linked glycosylation sue occupied only in a fraction of t-PA is enhanced in the i-PA so produced. 

23 The process of claim 22 w herein a plasma component or cell-cycle inhibitor that blocks cells in the GO'G 1 
phase is added to the culture medium before or during the growth phase. 

24. The process ofclaim 23 wherein thyro.xine. tri-iodoihyronine. or quinidine is added to the cu Iture medium. 

25. Human tissue-plasminogen activator produced by the process of claim 2 1 . 

26. Human tissue-plasminogen activator produced by the process ot claim 22. 
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CELL CULTURE PROCESS 

Backizround ot ihe Inveniion 

5 Field of the invention 

The present inveniion concerns a process tor the production of iii> coproicins in mammahan cell cuhure. 
VIore specificaliy. the invention provides a process for producing iil> coproreins in mammalian cells thai results in 
enhanced occupancy of an N-Mnked glycosv laiion site occupied oni> in a fraction of a glycoprotein. A process for 
increasing the fraction of Type I tissue plasminogen activator (i-PA) in a mammalian cell culture is specifically 
10 disclosed. 

Description of Related Disclosures and Technology 
Glvcoprmeins 

Glycoproteins. man\ of w hich have been produced by techniques ot recombinant DNA technology, are 
of great imponance as diagnostic and therapeutic agents. In a eukary-otic cell environment, gly cosy laiion is attached 
15 to a secreted or membrane-spanning protein by co- and post-translaiional modification. Proteins destined for the 
cell surface are first co-iranslationaiiy translocated into the lumen of the endoplasmic reticulum (ER) mediated by 
a signal sequence at or near the amino terminus of the nascent chain, inside the ER. the signal sequence is usually 
removed and a high-mannose core oligosaccharide unit is attached to the asparagine (N) residue(s) present as part 
of the sequence Asn-X-Ser/Thr. where X is any amino acid except, perhaps, proline. 

20 The efficiency of this co-translational slycosy laiion step is dependent on the presentation of an appropriate 

conformation of the peptide chain as it enters the endoplasmic reticulum (Imperiali and O'Connor. Pure &l Applied 
Chem. , 70 : 33-40 ( 1 998)). Potential N-linked glycosyiation sites may no longer be accessible after the protein has 
folded (Komfeld & Komfeld. Ann Rev. Biochem. 54:63 1-664 ( 1985)). Proteins next move from the ER to the 
Golgi apparatus where further modifications, such as sulfation and processing of the high-mannose oligosaccharide 

25 chain to a complex-ty pe oligosaccharide, occur and the proteins are directed to their proper destinations. 

N-linked oligosaccharides can have a profound impact on the pharmaceutical propenies of gly coprotein 
therapeutics (e.g., invivo half-life and bioactiviiy ). Different bioprocess parameters (e.g.. bioreacior type. pH. media 
composition, and ammonia) have been shown to affect protein gi>cosy laiion significantly . Changes in terminal 
glycosylation ( sialylation and gaiactosylation ) and N-glycan branching are the most frequently observed alterations. 

30 The Carhohvdrafc Sfrucntrc of Tissue Plusnuno^en Ac/ivciror 

Tissue plasminogen activaior(t-PA ). a glycoprotein, is a multidomain serine protease whose phy siological 
role is to conven plasminogen to plasmin. and thus to initiate oraccelerate the process of fibrinolysis. Initial clinical 
interest in t-PA was raised because of its relatively high activity in the presence, as compared to the absence, of 
fibrin. Wild-type t-PA is a poor enz\ me in the absence of fibrin, but the presence of fibrin strikingly enhances its 

35 ability to activate plasminogen. Recombinant human t-P.A is used iherapeuticalK' as a ilbrinolyiic agent in the 
treatment of acute myocardial iniarction and pulmonary embolism, both conditions usually resulting from an 
obstruction of a blood vessel by a tlbrin-containing thrombus. 

In addition to its striking fibrin specificii\'. t-PA exhibits several funher distinguishing characteristics: 

- 1 - 
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(a» T-PA differs from most serine proteases in that the single-chain form of the molecule has 
appreciable enzymatic aciiviiv . Toward some small substrates, and toward plasminogen in the absence of fibrin, 
two-chain t-PA has izreater activity than one-chain t-PA. In the presence of fibrin, however, the two forms of t-PA 
are equally active ( Rijken et a/.. J. Biol. Chem. . 257 : 2920-2925 { 1 982): Li.inen ef a/. . Thromb, Haemost. . 64 : 6 1 -68 
5 ( 1990): Bennett ciai.. ) Biol. Chem. . 266 : 5 1^1-5201 (1991)). Most other serine proteases exist as zymogensand 
require proieolvtic cleavage to a two-chain form to release full enzymatic activity. 

( b» The action of i-PA in vn o and in vitro can be inhibited by a serpin. PAi- 1 ( Vaughan ei al.. J. Clin. 
invest. . 84: 586-591 (1989): Wiman et al,. J. Biol. Chem. . 259 : 3644-3647 ( 1984)). 
(c) T-PA binds to tlbrin in vitro with a Kj in the uM range. 

10 (d) T-P.A has a rapid in vivo clearance that is mediated by one or more receptors in the liver (Nilsson 

cv fT//.. Thromb. Res. . 39: 51 1-521 ( 1985): Bugelski et uL. Throm. Res. . 53: 287-303 (1989): Ntonon et al.. J. Biol. 
Chem. . 264 : 7228-7235 (1989)). 

A substaniiallv pure torm of i-P.A was tlrsi produced from a natural source and tested for in vivo activity 
bv Colien et al.. U.S. Pat. No. 4.752.603 issued 2 1 June 1988 (see also Rijken et al.. J. Biol. Chem. . 256 : 7035 

15 ( 1981 )). Pennica et al. ( Nature . 301 : 214 ( 1983)) determined the DNA sequence of t-PA and deduced the amino 
acid sequence from this DNA sequence (U.S. Pat. No. 4.766.075 issued 23 August 1988). 

Human wild-type t-PA has potential N-linked glycosylation sites at amino acid positions 117. 184. 218, 
and 448. Recombinant human t-PA ( ACTIVASE® t-PA) produced by expression in CHO cells was reponed to 
contain approximately 7% by weight of carbohydrate, consisting of a high-mannose oligosaccharide at position 1 1 7, 

20 and complex oligosaccharides at Asn-184 and Asn-448 (Vehar al., "Characterization Studies of Human Tissue 
Plasminosen Activator produced by Recombinant DNA Technology," Cold Spring Harbor Svmposia on 
Quantitative Biologv , LI:55 1-562 (1986)). 

Position 218 has not been found to be glycosylated in native t-PA or recombinant wild-type t-PA. Sites- 
1 17 and 448 appear always to be glycosylated, while site 184 is thought to be glycosylated only in a fraction of the*" 

25 molecules. The t-PA molecules that are glycosylated at position I 84 are termed Type I t-PA. and the molecules that 
are not glycosylated at position 184 are termed Type 11 t-P.A. In melanoma-derived i-PA. the ratio of Type 1 to 
Tvpe II t-PA is about 1:1. The most comprehensive analy sis of the carbohydrate structures of CHO cell-derived 
human t-PA was carried out by Spellman at al.. J. Biol. Chem. . 264 : 14 100-14 1 I 1 ( 1989), who showed that at least 
17 different Asn-linked carbohydrate structures could be delected on the protein. These ranged trom the high- 

30 mannose structures at position 1 1 7 to di-. tri-. and ieira-antennar\' K-acetyllactosamine-type structures ai positions 
1 84 and 448. Type 1 and Type II i-PAs were reponed to be N-izlycosylated in an identical way at Asn- ! 1 7 and Asn- 
448 positions, when isolated from the same cell line. For further details, see also Parekh et al.. Biochemistr\- . 28: 
7644-7662 (1989). The specific tibrinoiytic activity of Type II t-PA has been show n to be about 50° o greater than 
that of Type i t-PA (Einarsson et al.. Biochim. Biophvs. Acta . 830: 1-10 (1985)). Further, increased Type I is 

35 correlated with increased half-life (Cole et al.. Fibrinolysis . 7: 15-22 (1993)). However. Type 11 t-PA. which lacks 
a ponion of carbohydrate associated with Type I t-PA. as well as desialated t-PA. demonstrated a longer TYz beta 
than standard t-PA (Beebe and Aronson. Thromb. Res.. 51: 11 -22 ( 1988)). 
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Analysis of the sequence ot'i-PA has iaeniitled the molecule as havtniz five domains. Each domain has 
been defined with reference to homologous siruciural or tuncnonai regions in other proteins such as trypsin. 
chymotr>psin, plasminogen, prothrombin, t'lbronectin. and epidermal gro\Mh tacior (FGF). These domains have 
been desicnaied. sianing at the N-terminus ofthe amino acid sequence of i-PA. as the finger ( F) domain from amino 
> acid I to about amino acid 44. the growth factor (G) domain from about amino acid 45 to about amino acid 91 
( based on homology with EGF). the kringle- 1 ( K 1 ) domain from about amino acid 92 to about amino acid I 73. the 
kriniile-2 (K2) domain from about amino acid ! 80 to about amino acid 26 i. and the serine protease (P) domain from 
about amino acid 264 to the carboxyi terminus at amino acid 527. These domains are situated essentially adjacent 
to each other, and are connected by short "linker" regions. These linker regions bring the total number of amino 

10 acids ofthe mature polypeptide to 527. although three additional residues (Gly-Aia-Arg) are occasionally found at 
the amino terminus. This additional tripeptide is generally thought to be the result of incomplete precursor 
processine. and it is not known to impart functionality. Native t-PA can be cleaved between position 275 and 
position 276 (located in the serine protease domain » to generate the two-chain form ofthe molecule. 

Each domain contributes in a different way to the overall biologically signillcani properties ofthe t-PA 

15 molecule. Domain deletion studies show that the loss ofthe finger, growth factor, or kringle-2 domain results in 
a lower-affinity binding ofthe variant t-PA to fibrin (van Zonneveld ei ui., Proc. Natl. Acad. Sci. USA . 83: 4670- 
4677 (1986): Verheijen et oL, EMBQ J. . 5: 3525-3530 (1986)); however, more recent results obtained with 
substitution mutants indicate that the knngle-2 domain is less involved in fibrin binding than earlier expected 
(Bennen et ai, supra). The domain deletion studies have implicated the finger and growth factor domains in 

20 clearance by the liver (Collen et aL. Blood , lV,2\^-2\^ (1988): Kaiyan et ai. J. Biol. Chem. , 263 : 3971-3978 
(1988): Fu etaL, Thromb. Res. . 50: 33-41 (1988): Refino et aL, Fibrinolysis . 2: 30(1988): Larsen et ai. Blood, 73: 
1 842-1 850 ( 1 989): Browne etal.. }. Biol. Chem.. 263: 1 599-1602 ( 1 988)). The kringle-2 domain is responsible for 
binding to lysine. The serine protease domain is responsible for the enzymatic activity of t-PA and contains specific 
reaions where mutations were shown to affect both fibrin binding and fibrin specificity ( possibly direct interactions 

25 with tlbrin). and other regions where only fibrin specificity is altered (possibly indirect interactions with fibrin) 
{Btnncnei ai, supra). Studies with mutants resulting from site-directed alterations indicate the involvement ofthe 
glvcosvlaiion of i-PA in clearance (Lau et al.. Bio Technolo^jv . 953-958 f 1 987): Lau et ai.. Bio Technoionv . 6: 
734(1988)). 

An unglycosylated variant of t-PA consisting of the kringle-2 and protease domains was described to 
30 have a slower plasma clearance than wild-type t-PA (Manin et a/.. Fibrinoivsis . 4: (Suppl. 3 1:9 (Abstract 26) 
{ 1990)). The effect of altering oligosaccharide structures at sites 184 and 448 of t-PA were aiso examined by 
Howard et uL, Glvcobiologv . 1: 41 1-418 (1991) Hotchkiss et ul. ( Thromb. Haemost. . 60: 255-26! (1988)) 
selectively removed oligosaccharide residues from the t-PA molecule, and demonstrated that the removal of these 
residues decreased the rate of clearance of t-PA. These researchers, and Lau et al. (( 1987). supra. ( 1988 ). supra) 
35 alsoeeneraied the t-PA variant Nt I 7Q (wherein asparagine at position 1 1 7 of w ild-type human i-PA was substituted 
with alutamine) to prevent glycosylation at position I 17. This variant, similarly to that obtained by enzymatic 
removal ofthe high- mannose oligosaccharide at this position, exhibited an about two-fold slower clearance rate 
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than u-i!d-r>pe human t-PA. See also EP-A 238.304 published 23 September 1987 and EP-A 227.462 published 
1 July 1987. 

Several repons have suiziiesied that the carbohydrate moieties ot t-PA inHuence the in vitro activity of this 
enzyme (Einarsson e! uL. supra: Opdenakkcr ct ai. Proc. Sci. Exp. Biol. Med. . 182: 248-257 ( 1986)». T-PA is 
endocytosed bv mannose receptors of liver endothelial cells and by galactose receptors of parenchymal ceils. 
Indeed, the in vivo clearance of recombinant human t-PA produced in mammalian cell cultures was intluenced by 
carboh\ draie structures, panicularly by the high-mannose oligosaccharides ( Hotchkiss e/ a/.. sitpruL A t-PA variant 
(desii^naied TNK t-PA) thai has a glycosylaiion site added at amino acid position 103. the native gjycosylaiion site 
removed at amino acid position 117. and the sequence at amino acid positions 296-299 of native human i-PA 
replaced by AAAA. has been shown to have increased circulatory half-life, and markedly bener fibrin specificity 
than wild-type human t-PA (Keytc>/a/.. Proc. Natl. A cad. Sci. USA. 9 1 : 3670-3674 ( 1994)). 
Glvconroieins Oilier than Kative f-PA wtih More than One C/vco/orm 

Cells expressing iPA-6. a molecule composed of the kringle-2 and serine protease domains of t-PA. 
process it into two elvcoforms. a monoglycosylated form with Asn-448 occupied, and a digiycosylated form with 
15 Asn-44S and Asnl84 occupied (Berg ct u/.. Blood . 8i: 1312-1322 (1993 )). 

Plasminogen exists in two glycoforms. The more glycosylated form, commonly referred to as 
"plasminosen- 1 "plasminogen i." or "Type I plasminogen," has a galactosamine-based oligosaccharide attached 
at amino acid position 345 (Thr345) and a complex glycosamine-based oligosaccharide at amino acid position 288 
(Asn288) of a native human plasminogen molecule. The less glycosylated form, commonly referred to as 
20 "plasminosen-2". "plasminogen II." or 'Type 2 plasminogen.^' has a single oligosaccharide chain anached at amino 
acid position 345 (Thr345) (Hayes and Casteilino. J. Biol. Chem.. 2540 8) : 8772-8776. 8777-8780 ( 1979): Lijnen 
et aL. Eur. J. Biochem. . 120 : 149-154 ( 1981): Takeda et al.. Thrombosis Research . 39: 289-296 (1985)). 

Other glvcoproteins displaying variable site occupancy (variations in N- and O-glycosylaiion site- 
occupancy) include granulocyte-macrophage colony-stimulating factor (Okamoto et ai. Archives of Biochemistry' 
25 and Biophysics . 286 : 562-568 ( 1 991 )). inierferon-gamma (Curling etaL. Biochem. J. , 2':^2: 333-337 ( 1 990)). protein 
C (Mileiich and Broze. J. Biol. Chem. . 265 : 1 1397-11404 ( 1990)). and interteukin-2. Glycosylation of gamma- 
interferon was stable throughout an optimized culture design strategy using fed-batch cultures, with exposure to 
iilucose starvation possibly leading to a dramatic change in glycosylation efficiency ( Xie et ai., Biotechnoi. Bioena.. 
56: 577-582 (1997)). 

30 Different tractors have been discussed to be potentially responsible for variable site-occupancy, including 

availabilitv of doiichol-phosphate and nucleotide sugars (Nyberg ct al.. Biotechnoi. Bioenii.. 62: 336-347 (1998)). 
giycosyltransferase activity (Hendrickson and Imperiali. Biochem istr\ . 34: 9444-9450 (1995): Kaufman et al., 
Biochemistr\- . 33: 98 1 3-9.8 1 9 (1 994)). and variable glycosylation site accessibility due to competition with protein 
folding (Hoist et al.. The EMBO .1. . 15: 3538-3546 (1996)." Imperiali. Acc. Chem. Res.. 30: 452-459 ( 1997): 
Shelikoff c^/ ai. Biotechnoi. Bioent:. . M): 73-90 (1996)). Any of these factors could be intluenced by cell culture 
conditions. T-PA site-occupancy usually varies within a rather narrow range (- 5%). 
Studies of()rt<20sacchar\-ltransferase Metal Cations in Glvcnsvlation 
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Asparaiiine-iinkcd gl\ cosylaiion involves the enzyme-cataK zed inodificaiion of an asparagine side chain 
in a nascen[ poi\ peptide with a tri-antennary tetradcca-saccharide moiet\ . This first committed step in the 
biosvnthesis of N-linked !i!> coproteins is caiaKzed by oliiiosacchar\ itransferase. a heteromeric membrane- 
associated enzyme complex round in the lumen of the endoplasmic reticulum of eukarxotic cells. See Imperiali, 
5 supra: Allen c( a/.. J. Biol. Chem. . 270: 4797-4804 (1995): Sharma ci ul . Eur. J Biochem. . 1 16 : 101 - I 08 ( 1981): 
Silberstem and Qilmore. The FASEB Journal . 1 0: 84Q-858 ( 1996): Kumars'/.// . Biochem. Mol. Biol. Intl. . ^6: 8 1 7- 
826 ( 1995): Bause ci a/.. Biochem. J. . 3 12 : 979-985 (1995): Xu and Coward. Biochemistn' . 36: 14683-14689 
{ 1997): KLumar ci a/.. Biochem. Biophvs. Res. Comm., 247 : 524-529 ( 1 998): Watt t.7 a/.. Curr. Op. Struct. Biol. . 
7: 652-660 (1997). 

1 0 Foropitmal aciivii\ . oiigosacchar> Itransferase requires a small amount of manganese divalent ion. butother 

divalent metal cations with an octahedral coordmation geometr> will support transfer, although at reduced rates 
(Hendrickson and Imperiali. supra: Kaufman m uL. supra: Kumar cv a/.. Biochem. Mol. Biol. International . 36 : 
817-826 (1995)). 

77?^ Ro/e ofTemneraiure in Sfammalian Cell Cultures 

15 To simulate normal body environment, fermenior temperature in cultivating mammalian cells is controlled 

almost exclusively at 37''C. This dogma is so widely accepted that, so far. little anention has been paid to varying 
temperature in the cell culture process. The scarce literature data suggest that reduced fermenior temperature results 
in improved cell viability and shear resistance, higher cell density and titer in batch cultures, and a reduction in 
glucose/laciate metabolism (Chuppa et al., Biotechnol. Bioeng.. 55 : 328-338 ( 1997)). 

20 Specifically, Reuveny ei aL, J. Immunol. Methods , 86 : 53-59 (1986) studied the effect of temperatures in 

the range of 28^C to 37°C on batch hybridoma cell cultures. They found that although at lower temperatures the 
cell viability was improved, this was accompanied by a decrease in glucose uptake and a decrease in the specific 
antibody production. Therefore, in this particular case, lower temperatures did not enhance the overall performance 
of the celt culture process. 

25 Sureshkuman and Mutharasan, Biotechnol. Bioenii. 3" : 292-2<^5 (1991) investigated the effect of the 

temperature range of 29^C to 42 ' C on the cell culture process, and found that maximum cell density was achieved 
al 33 "C. In contrast, the glucose uptake and specific lactate production rates v\ere dramatically lower at 33 "C than 
at 39 ""C. These results showed that the optimal temperatures for growth and productivity ma\' considerabl\- differ. 
While the viabiliiv increase at temperatures below 37~C appears to be a general phenomenon, the effect of 

30 temperature on specific productivity has been shown to be cell-line dependent (Chuppa ei aL. supra). 

Weidemann ei aL. Cvtotechnoloizv . 1 5 : 111-116 (1994) cultivated adherent recombinant baby hamster 
kidney ( BHK ) cells at temperatures between 30 and 37 "C. The low -temperature cultivation in batch and repeated 
batch mode in a two-liter bioreactor showed a lower growth rate and a tower glucose consumption rate (i.e.. less 
lactate production). On the other hand, ihe maximum cell densii\ and productivity^ were not affected by the 

35 temperature reduction. 

Kreizmer ei aL, "Cultivation Temperature - Effect on Cell Culture Processes and Their Optimization" 
(American Chemical Society Meeting. San Francisco. CA). abstract 138. presented April 16. 1997. disclosed the 
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effect of cultivation temperature on cell culture processes and their optimization, but apparently no speciHc 
iilycosylation analysis. 

It has been suggested that reduced fermenior temperatures might have other advantages related to 
product quality and integrity, but the effect of low temperatures on product quality, and in particular, on protein 
dvcosylation. has been scarcely studied. Chuppa c/ .;/.. suprc. have reponed that fermentation temperature did not 
have a significant effect on the sialic acid content of glycoprotems. A Ithough the total sugar content was somewhat 
lower at 37°C than at 54 or 35.5 C. the authors viewed this difference as -not substantial." 

However. U.S. Pat. No. 5.705.364 described preparing glycoproteins by mammalian cell culture wherein 
the sialic acid content of the glycoprotein produced was controlled over a broad range of values by manipulating 
the cell culture environment, including the temperature. The host cell was cultured in a production phase of the 
culture by adding an alkanoic acid or salt thereof to the culture at a cenain concentration range, maintaining the 
osmolality of the culture at about 250 to about 600 mOsm. and maintaining the temperature of the culture between 
about 30 and 35 "C. 

Bahr-Davidson. "Factors Affecting Glycosylation Site Occupancy of ASN-184 of Tissue-Type 
1 5 Plasminogen Activator Produced in Chmese Hamster Ovary Cells." A Dissenation submined to the Depanment 
of Chemical Engineering and the Committee of Graduate Studies of Stanford University in Panial Fulflllmemof 
the Requirements for the Degree of Doctor of Philosophy. May 1 995. investigated the effects of temperature on 
alycosylation site occupancy and reported that site occupancy was increased by exposing cells to 26°C (see pages 
50-5 1 ). 

20 Hormonal and Other Treaimeni.s lo Influen ce GIvcosvlaiion 

The effect of various additives such as components of plasma to the culture media on protein production 
and glycosylation has been studied in the literature, for example, the effects of hormonal treatments on membrane . 
glycosylation in rat kidney brush broder membranes (Minal et ai. Indian J. E.xper. Biol.. 34: 782-785 (1996)). 
Studies of Muc-1 mucin expression established the hormonal basis formRNA expression (Parry etai. J- Cell Sci. . 
2^ JOi: 191-199(1992)). Thyroid hormone regulation of alpha-lactalbumin with differential glycosylation has been 
reponed (Ziska et ai. Endocrmoloav . 123: 2242-2248 ( 1988)). The cellular response to protein N-glycosylation 
was increased in the presence of thyroxine, insulin, and thrombin, and the effect was dose-dependent (Oliveira and 
Banerjee. J. Cell. Phvsiol. . 144 : 467-472 (1990)). Thyroxine was found to induce changes in the glycosylation 
panem of rat alpha-fetoprotein (Naval ct ciL. Int. J. Biochem.. iS: 1 15-122 ( 1986)). 

In addition to hormonal treatments, glutathione and glucose-6-phosphate dehydrogenase deficiency 
increased protein glycosylation (Jain. Free Radical Biolo ^v & Medicme. 24: 1^7-201 (1998)). Thyrotropin was 
found to control oligosacchary Itransferase activity in thyroid cells (Desruisseau ctal.. Mol. Cell. Endocrinol. . 122: 
223-228 (1996)). The addition of glucose and tri-iodothyronine (T,) to a medium producing a pro-urokinase 
derivative improved productivity (Hosoi Cvtotechnolonv . 19: 1-10( 1996)). Also, fucosy Itransferase activity 
in the rat small intestine was responsive to hydrocortisone regulation during the suckling period (Bioi ct ul.. 
Biochim. Biophvs. Acta . 1 133 : 206-212 ( 1992)). Hydroconisone treatment also induced quantitative alterations 
in glycosylation of mouse mammary tumor virus precursors ( Maldarelli and Yagi. JNCi- 77: I • 0''- 1 1 1 5 ( 1 986)). 
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Glycos\ ianon of cellular glycoconiugaies in a carcinoma cell line w as enhanced by a reiinoic acid (Sacks et ai, 
GIvcoconjuL'ate J. . I 3 : 791-7Q6 ( 1906)). Further, retinoic acid had reversible etlects on glycosaminogly can 
synthesis during differentiation of HL-60 leukemia cells (Reiss ct a/.. Can. Res. . 45 : 2092-2097 (1985)). 
.Addinonall> . reiinoic acid, as well as hydroconisone. was found to modulate glycosaininoizi) can s\nihesis of 
human malignant keraiinocyies ( Reiss c-/ l//.. J. Invest. Dermatol. . 86: 683-688 ( 1986)). 

The competition between folding and gKcosylaiion in the endoplasmic reticulum has been described 
( Hoist t-v ai.. Mtprcn. as has acute heat shock inducmg the phenomenon of prompt glycosylation ( Jethmalani a/.. 
.1. Biol. Chem. . 269: 23603-23609 (1994)). 

There is a need for increasing the increasing glycosylation site occupancy in glycoproteins having multiple 
glycoforms to produce glycoprotein therapeutics of consistent product quality. For example, there is a need to 
increase the traction of Type i t-PA in the i-PA production process. Such increase in site-occupancy generates t-PA 
w ith activity more closeK resembling the international human i-PA standard, and thus more closely resembling 
human t-PA. Type 1 t-P.A is also more soluble than T> pe II, which may be of some value in processing steps. 
Funher. increased Type I is correlated w ith increasing circulaiorv' half-life, as noted above. 

Summary of the Invention 
It has been found that during the production of a wild-type glycoprotein, namely human t-PA, in 
mammalian cells, namely Chinese Hamster Ovar\ (CHO) cells, use of cenain divalent metals, hormones, or 
factors that manipulate celt-cycle distribution to control or influence glycosylation significantly increases site 
occupancy of a glycosylation site of the glycoprotein. For example, decreasing the cultivation temperamre from 
3yC to about 30-35 °C in the production phase significantly enhances the occupancy of the glycosylation site at 
amino acid position 184. and thereby increases the ratio of Type 1 l-PA to Type II t-PA. Specifically, decreasing 
the temperature from 37 to 33 or 31 °C increased t-PA site-occupancy up to 6°o. Temperatures below 37''C are 
expected similarly to facilitate the occupancy of not-easily-accessibie N-Iinked glycosylation sites in other 
glycoproteins. Accordingly, temperature can be used as a sensitive tool for fine tuning the ratio of variously 
glycosylated forms of glycoproteins having one or more N-linked gKcosylation sites occupied onl\ in a fraction 
of the protein. 

In addition, other environmental factors, including those that manipulate the culture's growth state, and 
correspondingly cell-cycle distribution, such as butvraie. or a cell-cycle inhibitor that increases the proponion of 
cells in the GO G 1 phase such as quinidine. plasma components such as thyroid hormones, and. or cenain divalent 
metal cations signitlcanily elevated the t-PA T> pe I content (about l-2.5°o) compared to control conditions, and 
are expected to act similarly w ith respect to other glycoproteins. In contrast, addition of the relevant nucleoside 
precursor molecules (e.g.. uridine, guanosine. mannose) did not result in improved site-occupanc> . 

In one aspect, the invention concerns a process for producing a glycoprotein comprising cuituring 
mammalian host cells producing the glycoprotein ( i.e.. cells expressing nucleic acid encoding the glycoprotein) in 
the presence of (a) a factor that modifies growth state in a cell culture, (b) a divalent metal cation that can adopt 
and prefers an octahedral coordination geometry , or (c) a plasma component, whereby the occupancy of an N- 
linked glycosylation site occupied only in a fraction of the glycoprotein is enhanced in the glycoprotein so 
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produced. Preferablv. the factor is n cell-cycle inhibitor thai blocks cells in itie GO/G I phase, a biin rate salt, and/or 
a temperature ot ihe culture ot between about 30 and 35 C. the divalent cation is manganese or iron, and the plasma 
component is a hormone. Preferably, the cell culture procedure includes a growth phase, followed by a transition 
phase and a production phase. In a preferred embodiment, in the urowth phase the mammalian host cells are 
5 cultured at about 37 "X. whereupon, during the transition phase, the temperature is lowered to between about 30"C 
and 35 "C. The host cells preferably are CHO cells, and the glycoprotein preferably is t-PA. 

In another aspect, the invention provides a process for producing human t-PA comprising culturing CHO 
cells expressing nucleic acid encoding said i-PA in a serum-free medium in a production phase at a temperature 
of between about 30''C and 35^C and in the presence of about 0 to 2 mM of a buiyrate salt, whereby the occupancy 
10 of an N-linked glycosylation site occupied only in a fraction of r-PA is enhanced in the t-PA so produced. 

In a still funher aspect, the invention supplies a process for producing human t-PA comprising culturing 
CHO cells expressing nucleic acid encoding said t-PA in a serum-tVee medium in a growth phase at a temperature 
of about 3 7-40 ""C. wherein said medium comprises from about 10 nM to 100 uM of a divalent metal cation that 
can adopt and prefers an octahedral coordination geomeirx': culturing said cell in a transition phase at a temperature 
15 of about 37-40^C: and culturing said cell in a production phase wherein after about 48 hours into the production 
phase the temperature is lowered to between about 30°C and 35'C and about 0.75 to 1 .5 mM of a butyrate salt is 
added to the medium, whereby the occupancy of an N-linked glycosylation site occupied only in a fraction of t-PA 
is enhanced in the t-PA so produced, in this process, a plasma component such as a thyroid hormone, e.g., 
thyroxine or iri-iodothyronine, or a cell-cycle inhibitor that blocks cells in the GO/G 1 phase such as quinidine is 
20 optionally added to the culture medium before or during the growth phase. 

Hence, the process herein facilitates the production of a preferred glycoform of a glycoprotein, such as 
Type I t-PA. in a mammalian cell culture, and also increases the ratio of preferred to non-preferred glycoproteins, 
such as the ratio of Type I to Type II t-PA. in a mammalian cell culture. 

Brief Description of the Drawings 
25 Figure 1 shows a depiction of Type i t-PA and Type II t-PA and a chromatogram thereof 

Figure 2 shows the percentage of Type I human t-PA in cell cultures of CHO cells cultivated at various 
scales at 37*^0. 

Figure 3 shows graphs of the percentage of Type I human t-PA in cell cultures of CHO cells at 3 7 X as 
a function of 1 2K.-fermentation run time, with each graph line representing a different run. 
30 Figures 4A and 4B show the percentage of Type 1 human t-PA in cell cultures of CHO cells cultivated on 

a laboratorv' scale (in 25 cm" T-flasks and lOO-ml spinner flasks- Fig. 4A) or in a 5-!iter bioreactor (Fig. 48) for 
5-7 days at 33°C relative to control (cell culture kept at 37°C). 

Figure 5 shows the percentage of Type 1 human i-PA in cell cultures of CHO cells cultivated in T-t1asks 
at 37°C for 3-4 days wherein sodium butyrate is added in the amount indicated at the time of inoculation. The 
35 values are from triplicate experiments. 

Figure 6 shows the percentage of Type I human t-PA in cell cultures of CHO cells cultivated in 60-mm 
culture dishes at 37''C for 4-6 days wherein temperature changes with or without sodium butyrate are compared 
(wherein 37°C1- means control at 37°C with no buiyrate: 37'''C1 l.X is at 37 'C with 0.75 mM butyrate. 37'C12X 

-8- 



10 



PCTAJSOO/10810 

WO 00/65070 

- 1 is m - wuh no butvraie. 33 X 1 1 X .s at 33 X wuh 0.75 mM butvrate. 
isai37Xw,thi.5mMbutyratc... Cl-.sm.- ^ , C 1 1 \ .s at M X with U.75 mM 

L. . - MKMtvnre ^ Ci- 15 ai 3 I X wuh no butyraie. J 1 C M X iwt . i ^ -i 
33"C12X is at 33"C wtih 1.:* mM butvrate. J- 1 ^ - 

-.i-^ri-^X is at - C with 1.5 mM buiyraie). 

' : „ ,;„„„,.e o, Tvp. , hu.,n .-PA ,„ c.l, ™„„r.. of CHO celU eul.lva.ed ,n 5.,l,e- 

H 'davs Wherein' te.pera.ure chanae. wuh or wi.hou, sodium bu.vrace are compared .where 
b.oreaaorsaner..da>..here.nt p^^^^^^^^^ 

conirol is ai 37 'C without buiyraie. C .s at L 
. |. ai -''C with 1.5 mM butyrate). 

:::::: », ... ,„ oo . , p... . ... c^^^po... „„. p».n.. ... .n.. 

„ „.c dav, a, ... or,npcu,a„o„ „o ..n-O.I. inH,.K. . add.d ,co.UP». ,.>™.d,n. u,0 

- A- ,o.-, added The values are from triplicate expermients. 

,,,n,L, ts added, or qu.n.d.ne .00 .M ns added. ^^^^^^ ^^^^^ ^^^^^ ^^^^^^^^^^ 

Figures I OA and |0B show the percentage of Type 1 human t K.^ in 
. a, :.=C ,o, .6 da.s ...in a, .He ........o. 3 nM or .„C, added 

„,,0„M.,00„M.,..M.,0„M.oMOO„MMnCMsadd.d,T..va,„es a. e..pre„.d,„,..p,.....fdr 

. d:s rs a, r.. da.s ...... a. ... or.o..a.,.n „o ... ....a.e is added ,.»...„. o. ,0 „M 

.„,,„„dir::.;-cr.«da.s..e.....e.e..a.e.d,,.v,.ed,n,..p..se„.eori„.„as.da.o„„..or.p..,n.d 

„ „^ o... , ...» ... i. ...... 

. ;.„... d,... a, 3,.C .o. , da. ....... a. '"--''"-'^riTJ: - 

,„M ,OnM.o..OOaMof..i-.odp,hy..n."..T.™d.io.<,f.hy,OM«..Thy.ox„>add.d, 

,„ .ripliea.. fo. Fig- ISA and as an ave.as. of ..ipli.a.es lb. F,.. 13B, 

n^r^ilpd OescripT'^" ^*'^he Invention 

" ' ■ ^S^retn. the word "enhanced., as .t relates to occupanc. of a. .-hn.ed ,ycosy lat.on sne occup.ed 

, .efers to relative value obta.ned bv pract.cm. the current invention versus 

only in a fract.on of the glycoprotein refers to relative a . 

control value obtained by not usin, the parameters of this invention. The value ,s 

n a.e of Ivcosvlation sues occupied at the pan.cular position of the glycoprotein ,n question v.rsus a b 
percema__e ot . . ..u^ .actors cations or olasma components herein claimed. Forexamplc. 

35 value, which is detennined w.tnout using the -"^ ^ ' ..es are occupied , and 

, PA is secreted as a mixture of two maiorgiycotorms.T> pel. all three. ... . 

H nH .n enhanced occupancv level means an increased site occupancy such that 
Tvpe II (Asn- 1 84 is not occupied), and an enhanced occup . ThI. occuoancv level can 

r-r I r^lntive to Tvne II t-PA versus the control. This occupanc> levei i. 
the mixture has increased amounts ofType I relative to lypeii 
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be measured, for example, bv usmii reversed-phase high-pressure iiquid chromatography ( RP-HPLC ) lo elute the 
tVaamenis ofthe differeni types oi'giycoproiem i the types having differeni glycosy laiion site occupancy levels ) and 
miegratino the peak areas for each type of glycoprotein to determine relative quantities. The most typical way to 
express these quantities is by the percentage of the higher-occupancy type of glycoprotein to total types of 
elycoprotem. A specitlc example of an assay used to measure enhancement for Type i Type II t-PA is set forth 
belovs in Example I . 

As used herein. 'gK coprotein" refers generally to peptides and proteins having more than about ten 
ammo acids and at least one givcosylation site that is occupied only in a fraction ofthe glycoprotein product, i.e.. 
they displav variable site-occupancy or variations in N- and O-glycosylation site-occupancy. The glycoproteins 
may be homologous to the host cell, or preferably, they are heterologous, i.e.. foreign, to the host cell being utilized, 
such as a human protein produced by a CHO cell. Preferably, mammalian glycoproteins ( glycoproteins that were 
onsinally derived from a mammalian organism) are used, more preferably, those which are directly secreted into 
the medium, and most preferabi>. those wherein N-giycosylation site-occupancy is involved. 

The specit'ically-preferred glycoproteins herein are i-PA. plasminogen, interferon-gamma. Protein C. IL-2. 

15 and CSF. for example. GM-C5F. The more preferred glycoproteins are t-PA or plasminogen, and the most 

preferred is t-PA. more notably human t-PA. 

The terms "tissue plasminogen activator", and "t-PA'' refer to human extrinsic (tissue-type) plasminogen 
activator having fibrinolytic activity that typically has a structure with five domains (finger, growth factor, kringle- 
I. krin2le-2. and protease domains), but nonetheless may have fewer domains or may have some of its domains 

20 repealed if it still functions as a thrombolytic agent and retains the N-linked glycosylation sites at positions 1 1 7, 
184. and 448. At minimum, the i-PA consists of a protease domain that is capable of converting plasminogen to 
plasmin. and an N-terminal region believed to be at least partially responsible for fibrin binding, and retains the N- 
iinked glycosylation sites at positions corresponding to amino acid positions 117.1 84, and 448 of wild-type human 
t-PA. The retention of these glycosylation sites is due to the fact that variable site occupancy of recombinant and 

25 melanoma-derived wild-type t-PA leads to production of two variants, designated as Type 1 t-PA" and "Type II 
t-PA". respectively. Type I t-PA contains N-linked oligosaccharides at positions 117, 184. and 448. Typelli-PA 
contained N-Iinked oligosaccharides at positions M 7 and 448. See Fig. I . It will be understood that natural allelic 
variations exist and can occur among individuals, as demonstrated by one or more amino acid differences in the 
amino acid sequence of t-PA of each individual. 

30 The terms "wild-type human tissue plasminogen activator "wild-type human i-PA". -native human tissue 

plasminogen activator," and "naiive human t-PA". where "human t-PA" may be abbreviated as "ht-PA ". refer to 
native-sequence human t-PA. i.e.. that encoded by the cDN A sequence reported in U.S. Pat. No. 4.766.075. issued 
23 Aueust 1988. Amino acid sue numbers or positions in the t-PA molecule are labeled in accordance with U.S. 
Pat. No. 4.766.075- The t-P.A may be from any native source. In addition, the t-PA may be obtained from any 

35 recombinam expression system, including, for example. CHO ceils or human embrxonic kidney 293 cells. 

As used herein, references to various domains of t-PA mean the domains of wild-type human i-PA as 
hereinabove defined, and functionally equivalent portions of human t-PA having amino acid alterations as 
compared to the native human i-PA sequence, or of (native or variant ) t-PA from other sources, such as bat tissue 
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plasminogen activaior ( bat-PA ). f hus. Ub usea herein, the teim 'protease domain" refers to the region extending 
troni amino acid position 264 to ammo ncid position 52'. inclusive, ofihe mature form of'\viid-i\ pe human i-PA. 
and to functionally equivalent ponions ot human i-PA having ammo acid alterations as compared to the native 
human i-PA sequence, or of l-PA from other sources, such as bat-IV\. 
5 As used herein, "factor that modifies gro\Mh state in a ceil culture " refers to a factor that increases the 

proponjon ot'cells in the GO'G 1 phase of growth such as a celt-c>'cie inhibitor that causes cells to accumulate or 
blocks the cells in the GO/GI phase. Such t'actors manipulate cell c\cie distribution to control or influence 
gl\ cos> laiion. Such a factor ma> affect gl\ cos> lation in mechanisms be>'ond growth state, but are defmed herein 
as affecting at least the growth state. 
10 As used herein, a "cell-cycle inhibitor that blocks cells in the GO G 1 phase of grow th" is a molecule that 

causes cells to accumulate in the GO Gl phase of growth. This can be determined by ceil cycle anaKsis. i.e.. 
unitbmi suspensions of nuclei are stained with propidium iodide fPI) using the detergent-cr\ psm method of 
Vindelov ci liI., C\ tometrv . 2- 323-327 ( !<^S3) to deiennine relative cellular DNA content by tlow c\tometric 

anai\sis. Events are gated using doublet discrimination to exclude doublets, and the data are modeled usine 
I? ModFit LT Cell C>cle Analysis ''^^ software ( Verit\ Software House). A preferred such inhibitor herein is 
quinidine. 

By "butyrate" or "butyrate salt" is meant any corresponding salt of butyric acid, such as sodium butyraie 
or potassium butyrate. 

By "phase*' is meant a certain phase of culturing of the cells as is well recognized by the practitioner. For 
20 example, "growth phase" of the cell culture refers to the period of exponential cell growth (the log phase) where 
cells are generally rapidly dividing. During this phase, cells are cultured for a period of time, usually ber^veen 1 -4 
days, and under such conditions that cell growth is maximized. The growth cycle for the host cell can be 
determined for the particular host cell envisioned without undue experimentation. During the growth phase, cells 
are cultured in nutrient medium containing the necessarv' additives generally at about 30-40°C, preferably about 
25 37''C. in a humidified, controlled atmosphere, such that optimal growth is achieved for the panicular cell line. Cells 
are maintained in the growth phase for a period of between about one and four days, usually betw een about two 
and three days. 

"Transition phase" of the cell culture refers to the period of time during which culture conditions for the 
production phase are engaged. During the transition phase environmental factors such as temperature are shifted 

30 from growth conditions to production conditions. 

"Production phase" of the cell culture refers to the period of time during which cell growth has plaieaued. 
Durmg the production phase, logarithmic cell growth has ended and glycoprotein production is primar>-. During 
this period of lime the medium is generally supplemented to suppon continued glycoprotein production and to 
achieve the desired glycoprotein product. 

35 B>* "divalent metal cation that can adopt and prel'ers an octahedral coordination geometr> " is meant a 

metal cation with two valencies that is capable of and actually shows pret^erence for. adopting an octahedral 
coordination geometrx-. Such cations are also characterized in that oiigosaccharyltransferase can function ( i.e.. is 
activated) in their presence. Examples ot such metal ions include manganese ( Mn ). iron(Fe" ). calcium ( Ca" ). 
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and magnesium ( Mi!~~ ). Divalent cations thai siiow preferences tor other coordination geometries, including nickel 
( N t'" ). copper ( Cu"~ ). cadmium ( Cd"' ). and zinc ( Zn"' ). tai 1 to activate the enzyme and at h igh concentrations also 
competitively mhibii activity in the presence ot' manganese. Hence, these laner cations are excluded rYom the 

detlnition. 

^ B> 'plasma component" is meant a constituent of normal plasma. This would include growth promoters 

and tumor-promoting agents tor endothelial ceil growth, regulators otdifterentiation of epithelial tissues, glucagon, 
heparin, phorbol myristate acetate. PRL. ihyroglobulin. 8Br-cAMP. thrombin, vitamin A and its derivatives 
(retinoids such as retinoic acid. e.g.. beia-ali-irans retinoic acid), glutathione, steroids such as conicosierone. 
Cortisol, and conicoids. e.g.. glucoconicoids such as hydrocortisone, and hormones, preferably those that are vital 
10 hormonesot metabolism such as estrogen, insulin, and thyroid hormones, e.g.. thyroxine and tri-iodothyronine^TO. 
The thyroid hormones are preferred, and most preferably thyroxine and tri-iodothyronine. Since some serum, 
includinij fetal calf serum, contains thyroid hormones and the thyroid hormone binding protein at nanomolar 
levels, it is preferred to use serum-free medium, panicularly if thyroid hormones are employed to enhance site- 
occupancv . 

15 The terms "cell culture medium." "culture medium." and "fermentation medium" refer to a nutrient 

solution used for growing mammalian cells that typically provides at least one component from one or more of the 

following categories: 

1 ) an energy source, usually in the form of a carbohydrate such as glucose: 

2) all essential amino acids, and usually the basic set of twenty amino acids plus cysteine: 
20 3) vitamins and/br other organic compounds required at low concentrations: 

4) free fatty acids: and 

5) trace elements, where trace elements are defined as inorganic compounds or naturally-occurring 
elements that are typically required at very low concentrations, usually in the micromolar range.. 

The cell culture medium is generally "serum free" when the medium is essentially free of serum from any 
25 mammalian source {e.g. fetal bovine serum (FBS)). By "essentially free" is meant that the cell culture medium 
comprises between about 0-5^ o serum, preferably between about 0- 1 ^ o serum, and most preferably between about 
0-0. 1 ° b serum. Advantageously, serum-free "defined" medium can be used, wherein the identity and concentration 
of each of the components in the medium is known (^t^. an undefined component such as bovine pituiiarv extract 
(BPE) is not present in the culture medium ). 
30 In the context of the present invention the expressions "cell". *'cell line", and "cell culture" are used 

interchangeably, and all such designations include progeny. Thus, the words "transfoimants" and "transformed 
(host) cells" include the primary subject ceil and cultures derived therefrom without regard for the number of 
transfers. It is also understood that all progeny may not be precisely identical in DNA content, due to deliberate 
or inadvenent mutations. Mutant progeny that have the same function or biological activity as screened for m the 
35 orieinaliy transformed cell are included. Where distinct designations are intended, it will be clear from the context. 

The term "mammalian host cell", "host cell", "mammalian cell", "mammalian recombinant host cell." and 
the like, refer to cell lines derived from mammals that are capable of growth and survival when placed in either 
monolayer culture or in suspension culture in a medium containing the appropriate nutrients and growth factors. 



rn^^n-rnrtT Iff 



The necessary iirowih factors r'or a panicuiar cell line are readily deicrmined empirically wiihoui undue 
experimentation, as described, tor example, in Mammalian Cell Culture . Mather. J. P. ed. (Plenum Press; N.V.. 
1984). and Barnes and Saio. Ceil . 22; 649 ( 1980). Typically, the cells are capable of expressing and secretin^! lame 
quantities of a panicuiar glycoprotein of interest into the culture medium, tlxamples of suitable mammalian host 
5 cells within the context of the present invention may include CHO cells (FP f 1 7.150. published August 2^. 1989; 
U.S. Pat. Nos. 4.766.075; 4.853.330: 5.185.259: Lubiniecki ci ai. in .Advances in Animal Cell Bioloi^v and 
Technology for Bioprocesses . Spier ci uL. eds. ( 1 989 ). pp. 442-45 1 ). for example. CHO derivatives such as CHO - 
DHFR {Uriaub and Chasin. Proc. Natl. Acad. Sci. USA . 72; 4216 ( 1980)). CHO-Kl DUX Bl I (Simonsen and 
Levinson. Proc. Natl. Acad. Sci. L'SA . SO: 2495-2499 { 1 983 ): Uriaub and Chasin. supra), and dp 1 2.CHO cells (EP 

10 307.247 published 15 March 1989): rat myeloma YB2. 3,oAg20 ( WO 86 00127 published April I 1985): mouse 
CI27 fibroblasts (Reddy a ui.. DNA . 6; 46 1-472 (1987)): mouse senoii cells (TM4. Mather. Biol. Reprod. . 23: 
243-25 I (1980)): human cervical carcinoma cells (HELA. ATCC CCL 2): human lung cells { VVI38. ATCC CCL 
75): human liver celts (Hep G2. MB 8065): mouse mammary tumor (MMT 060562. ATCC CCL5 1 ): TRl cells 
(Mather lV c//.. Annals N.^'. Acad. Sci. . 383 : 44-68 ( 1 982)): MRC 5 cells: FS4 cells: and human melanoma cells 

15 (Browne ei uL. Thromb. Haemost. . 54: 422-424 (1985)). Preferred host cells include CHO-Kl DUX Bl 1 and 
dpl2-CH0 cells. 

The CHO cells developed for large-scale production of t-PA are maintained cr\'02enicallv in a 
MCB/working cell bank (WCB) system as described by W'iebe et ai, in Large Scale Mammalian Cell Culture 
Technology . Lubiniecki. ed.. f Marcel Dekker: New York, 1990). pp. 147-160. DHFR+CHO-Ki cells transfected 

20 with DNA encoding human t-PA have been deposited at the American Type Culture Collection, Manassas. Virginia 
(ATCC). and are available under accession number CCL 6 1 . A sample of another t-PA-producing CHO cell line 
(CHO cell line 1-1 5 1^) has been deposited under ATCC accession number CRL 9606. The laner ceil line was 
reported to result in human t-PA levels approaching 50 pg/cel!/day. 
IL Modes for Cam ing Out the invention 

25 Cfenerai and Specific Feantres nf Invemion 

it has been discovered that utilizing a factor that modifies growth state in a cell culture (such as a cell-cycle 
inhibitor, a butyrate salt, or lowering the temperature during the production ofa glycoprotein in a mammalian cell 
culture from 37''-C to about 30-35 "O. or utilizing a divalent metal cation that can adopt and prefers an octahedral 
coordination geometr>\ or utilizing a plasma component, enhances the occupancy of the glycosvlation site ai a 

30 selected and desired amino acid position of the wild-type glycoprotein. 

For example, this lowering of temperature enhances the occupancy of the glycosylation site at ammo acid 
position 184 of wild-type human i-PA and. accordingly, increases the ratio of Type i t-P.A to Type II i-PA. The 
ability to adjust, and increase, the Type i to Type li t-PA ratio is significant, since it enables the manufacturer to 
produce a recombinant protein in which this ratio closely approximates the ratio present in native t-PA (about 1:1). 

35 In addition, the ratio of Type ! to Type 11 t-P.A affects the solubility and clearance rate of i-PA. and there is evidence 
that an increased Type I r-PA concentration somewhat increases the circulator^' half-life of t-PA. It is known that 
the high-mannose oligosaccharide at amino acid position 1 17 is primarily responsible for the rapid clearance ot" 
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native human i-PA. When ihis oligosaccharide is removed, it has been observed that Type I t-PA has a longer half- 
life than Type ii t-PA. indicating that there is a secondar>' mechanism on which the extra oligosaccharide present 
on Type I t-PA has a positive effect. The experimental findings herein can be extended to other glycoproteins that 
(like t-PA) have at least one glycosylation site thai is occupied only in a fraction of the glycoprotein product. 

If the factor is a butyrate sail, generally the butyrate is present in a concentration of up to about 2 mM. 
more preferably about 0.35 to 2 mM. still more preferably about 0.75 lo 1 .5 mM. The concentration thereof to be 
selected within this range depends mainly on the temperature to which the culture is subjected and the type of 
olycoproiein. Hence, if for t-PA the temperature remains at about 37'X or is lowered to about 33-35 X. the 
butyrate concentration is preferably lower than about 1.5 mM. and more preferably is about 0.3 to 1 mM. most 
preferablv 0.75 mM. However, if for t-PA the temperature is lowered to about 30-3 I X. preferably the butyrate 
concentration is about 1-2 mM. more preferably about 1.5 mM. This illustration shows that more than one of these 
factors may be operating or present in the cell culture. 

In a preferred aspect, the temperature lowering and/or butyrate addition laket s ) place during the production 
phase of the growth cycle. In such a scenario, the temperature is lowered to between about 30 and 35 X andy or a 
15 butyrate salt is added about 48 hours into the production phase. The production phase is suitably preceded by a 
arowth phase and a transition phase of growth cycle. During the growth phase the temperature is preferably kept 
at about 37X, and/or during the transition phase the temperature of the culture is preferably lowered to between 
about 30"C and 35 =C. more preferably about 3 1-33°C, and most preferably about 3 1 °C. 

Alternatively, or additionally to the facior(s) above, the cells are cultured in the presence of a divalent 
20 cation as defined above. The choice of divalent cation to use. as well as the specific concentration thereof, depends, 
inter alia, on the type of glycoprotein being produced and the metal cations and other components already present 
in the culture medium and their respective concentrations. For example, if the glycoprotein has a number of thio 
oroups. it is preferred to use a thiophilic metal such as manganese and iron, with iron being the most thiophilic 
metal. In contrast, if the glycoprotein contains more oxygen groups, then the oxophilic cations, magnesium and 
25 calcium, are preferred. If calcium ion is already present in sufficient quantities in the medium, it is not typically 
used for the purposes herein and a different metal cation is used. Further, the size of the metal cation may have an 
influence, with iron and magnesium being smaller and calcium and manganese being larger. Sieric effects due to 
sulfur sroups on the glycoprotein may dictate a cation of smaller ionic radius. The preferred divalent metal cation 
herein is manganese, magnesium, or iron, more preferably manganese or iron, and most preferably manganese. 
30 The divalent metal cation is preferably present in the culture medium during the whole cultivation time, 

and at least is added during the grow th phase. The concentration thereof generally ranges between about 10 nm 
and 150 uM. preferably from about 10 nm to 100 uM for manganese and from about 20 uM to 100 uM for iron. 

In another alternative, alone or together with the divalent cation and/or factor, a plasma component is 
present during the culturing. The plasma component is typically present in an amount from about I nM to 1 5-20 
35 uM. depending mainly on the type of glycoprotein being produced, the type of plasma component utilized, and the 
scale of fermentation. For example, if the plasma component is a thyroid hormone, it is preferably present in an 
amount of about 1-150 nM. preferably about 10-100 nM. if the plasma component is glutathione, it is preferably 
present at about 1-10 ^M. and if hydroconisone. it is preferably present at about 5- 1 5 nM. preferably about 1 0 nM. 
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Pret"erabi> . the plasma componeni is a hormone, more preierabiy a thyroid hormone, and most preferabiy thyroxine 
or iri-iodoihyronine. 

The decree ofsiie-occupancy to be achieved for the iilycoprotein is balanced against the desired degree 
of secretion ot* the iiivcoprotein. which is generally taken into account in selecting which factors and other 
5 components to employ, and at what concentrations or temperatures. For example, site-occupancy is generally 
controlled in a select range of about -5"o without affecting i-PA secretion. 
Cell Cuhure Procedures 

Accordinii to the present invention mammalian cells are cultured to produce a desired glycoorotein 
product. In choosing a host cell for the production of the glycoprotein within the context of the present invention. 
10 it is imponani to recognize that different host cells have characteristic and specific mechanisms for the translational 
and post-iranslaiional processing and modification (e.g.. glycosylation, cleavage) of the proteins expressed. 
Appropriate cell lines should be chosen lo ensure that the desired post- translational modifications are possible. 
Alternatively, host cells can be modified to express a desired gene product required for the speciilc post- 
translational modification, 

1 5 In panicular. the mammalian cells that express the desired glycoprotein should express or be manipulated 

to express the particular enzymes such thai under suitable conditions, the appropriate post-translational modi fication 
occurs in \7vo. The enzymes include those enzymes necessary for the addition and completion of N- and 0-linked 
carbohydrates such as those described in Hubbard and I vatt. Ann., Rev. Biochem. , 50: 555-583 ( 1 98 1 ) for N-linked 
olisosaccharides. The enzymes optionally include oligosacchary transferase, aipha-giucosidase I. alpha-glucosidase 

20 II, ER alpha(1.2)mannosidase. Golgi alpha-mannodase 1. N-acetylyglucosaminyltransferase I. Golgi alpha- 
mannodase 11, N-acetylyglucosaminy transferase II, aipha( l,6)fxjcosy transferase. B( 1,4 )galactosy transferase, and 

an appropriate sialyltransferase. 

For culturing the mammalian cells that express the desired glycoprotein and are capable of adding the 
desired carbohydrates in specific position and linkage, numerous culture conditions can be used, paying panicular 
25 attention to the host cell being cultured. Suitable cuture conditions for mammalian cells are well known m the art 
( J. Immunol. Methods . 56: 221-234 (1983)) or can be easily determined by the skilled artisan (see. for example. 
Animal Cell Culture: A Practical Approach 2nd Ed.. Rickwood. D. and Hames. B.D.. eds. (Oxford University Press: 
New York. 1992)). and vary according to the particular host cell selected. 

The mammalian cell culture of the present invention is prepared in a medium suitable for the panicular 
30 cell beins cultured. The nutrient solution may optionally be supplemented with one or more components from any 
of the following categories: 

I I plasma components as defined above andor growth factors such as. for example, insulin. 

transferrin, and EGF: 

2) salts and buffers such as. for example, sodium chloride, calcium, magnesium, phosphate, and 

35 HEPES: 

3 ) nucleosides and bases such as. for example, adenosine, thymidine, and hypoxanthine: 

4) protein and tissue hydrolysates: 

5 ) antibiotics such as GENTAMYCIN^^^ drug: and 
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6 1 lipids such as linoleic or other ratt\ acids and iheir sutuble carriers. 

Anv other necessar\' supplements ma>* also be included at appropriate concentrations that wou Id be known 
to those skilled in the an. 

Commerciallv available media such as Ham's FIO (Sigma). Minimal Essential Medium (MEM. Sigma). 
RPMI- 1640(Siiima). and Dulbecco's Modified Eagle's Medium (DM EM. Sigma) are exemplar)' nutrient solutions. 
In addition, anv of the media described in Ham and Wallace. Meth. Enz. . ^S : 44 ( 197Q): Barnes and Sato. Anal. 
Biochem. . 102 : 255 (1980): U.S. Patent .^os. 4.767.704: 4.657.866: 4.02--. 762: 5.122.460 or 4.560.655: WO 
90 03430: and WO 87 00195: may be used as culture media. Any oi" these media may be supplemented as 
necessan with the components as mentioned above. 

The use of a special medium lacking animal serum (serum-rree medium) is preferred lo avoid 
interlerence or counter-action from components of the serum w ith one or more of the factors, divalent metal cations, 
plasma components, or other ingredients employed in accordance with the present invention. Moreover, the 
concentration of the amine groups should be sufficiently high to keep t-P.A in solution as the concentration 
increases. This can be achieved by using greater than about 1 mM lysine concentrations, by the presence of 
HEPES- or bv the use of sufficiently high ammonium chloride concentrations, although any other amine or 

ammonium source will do. 

If the soal is to produce t-PA in substantially single-chain form, the culture medium (just as the medium , 
used in the subsequent recover\' and purification steps) contains a protease inhibitor, such as aprotinin. alpha- 1 
antitrypsin, alpha-2 macroglobulin. soybean trypsin, etc. Preferably, aprotinin is employed at a concentration of 
about 5 to 100 KlU/mi, more preferably about 10 KlU/ml in the t-PA production medium. 

In a particularly preferred embodiment, the mammalian host ceil is a CHO celk preferably C HO-K i DUX 
BM . The necessary nutrients and growth factors for the medium, including their concentrations, for a panicular 
cell line, are determined empirically without undue experimentation as described, for example, in Mammalian Cell 
Culture . Mather, ed. (Plenum Press: NY. 1 984) and by Barnes and Sato. Cell . 22: 649 ( 1 980). A suitable medium 
contains a basal medium component such as a DMEM/HAM F-12-based formulation (for composition of DMEM 
and HAM F12 media and especially serum-free media, see culture media tonmuiations in American Type Culture 
Collection Catalogue of Cell Lines and Hybridomas. Sixth Edition. 1 988. pages 346-349). with modified 
concentrations of some components such as amino acids, salts, sugar, and vitamins, and optionally containing 
izlycine. hvpoxanthine, and thymidine: recombinant human insulin, hydrolyzed peptone, such as PRIMATONE 
HS™ or PRIMATONE RL™ (Sheffield. England ). or the equivalent: a cell protective agent, such as PLL'RONIC 
F68™ or the equivalent pluronic polyol: GENTAM YCIN™: and trace elements. The formulations of medium as 
described in U.S. Pat. No. 5.122.469. characterized by the presence of high levels of cenain amino acids, as well 
as PS-20 as described below, are panicularly appropriate. 

The izlvcoproteins of the present invention may be produced by grow ing ceils which express the desired 
glycoprotein under a variety of cell culture conditions. For instance, cell culture procedures for the large- or small- 
scale production of glycoproteins are potentially useful within the context of the present invention. Procedures 
including, but not limited to. a tluidized bed bioreactor. hollow fiber bioreactor. roller bottle culture, or stirred lank 
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bioreactor svstem mav be used, in ihe later two s\ stems, with or \\ iihoiit nncrocarriers, and operated altemativelv 
in a batch, fed-batch, or continuous mode. 

In a preferred embodiment the cell culture ot" the present invention is peribrmed in a stirred tank 
bioreactor system and a ted-batch culture procedure is employed. In the preferred fed-batch culture the mammalian 
host ceils and culture medium are supplied to a culiurinu vessel initially and additional culture nutrients are fed, 
continuouslv or in discrete increments, lo the culture during culiurinyi. with or without periodic cell and. or product 
harvest before termination of culture. The fed-batch culture can include, for example, a semi-continuous fed batch 
culture, wherein periodical l> whole culture (includinii cells and medium) is removed and replaced by tresh 
medium. Fed-batch culture is distinguished from simple-batch culture in which all components for cell cuiiuring 
(includin2 the cells and all culture nutrients) are supplied to the culturing vessel at the start of the cuiiuring process. 
Fed-batch culture can be funher distinguished from perfusion culturing insofar as the supemaie is not removed 
from the culturing vessel during the process (in perfusion cuiiuring. the ceils are restrained in the culture by. e.g.. 
nitration, encapsulation, anchoring to microcarriers etc. and the culture medium is continuously or interminently 
introduced and removed from the culturing vessel). 

Funher. the cells of the culture may be propagated according lo any scheme or routine that may be 
suitable for the particular host cell and the particular production plan contemplated. Therefore, the present 
invention contemplates a single-step or multiple-step culture procedure. In a single-step culture the host cells are 
inoculated into a culture environment and the processes of the instant invention are employed during a single 
production phase of the cell culture. Alternatively, a multi-stage culture is envisioned. In the multi-stage culture 
cells may be cultivated in a number of steps or phases. For instance, cells may be grown in a first step or growth 
phase culture wherein cells, possibly removed from storage, are inoculated into a medium suitable for promoting 
srowth and hish viabilitv. The cells may be maintained in the growth phase for a suitable period of lime by the 
addition of fresh medium to the host cell culture. 

According to a preferred aspect of the invention, fed-batch or continuous cell culture conditions are 
devised to enhance growth of the mammalian cells in the growth phase of the cell culture. In the growth phase cells 
are 2rown under conditions and tor a period of lime that is maximized for growth. Culture conditions, such as 
temperature, pH, dissolved oxygen t DO^). and the like, are those used with the panicular host and will be apparent 
to the ordinarily-skilled artisan. Generally, the pH is adjusted to a level between about 6.5 and 7.5 using either an 
acid (e.g.. COt ) or a base (e.g., Na^CO- or NaOH). A suitable temperature range for culturing mammalian cells 
such as CHO cells is between about 30 to 40'C and preferably about 37"C and a suitable DO^ is between 5-Q0°o 
of air saturation. 

At a panicular stase the cells may be used to inoculate a production phase or step of the cell culture. 
Alternatively, as described above the production phase or step may be continuous with the inoculation or growth 
phase or step. 

According to the present mvention. the cell-culture environment during the production phase of the cell 
culture is controlled. In a preferred aspect, the production phase of the ceil culture process is preceded by a 
transition phase of the cell culture in which parameters for the production phase of the cell culture are engaged. 
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T-PA production in mammalian, e.g.. CHO. cells typically employs a semi-continuous process whereby 
cells are culture in a "seed-train" for various periods of time and are pcriodicalK transferred to inoculum fennentors 
to initiate the cell-amplincaiion process en route to t-PA production at larger scale. Thus, cells used for rt-PA 
production are in culture for various periods of lime up to a maximum predefined cell age. The parameters of the 
cell culture process, such as seed densii>. pH. DO-> and temperature during culture, duration of the production 
culture, operating conditions of harvest, etc. are a function of the panicular cell line and culture medium used, and 
can be determined empirically, without undue experimentation. 
Rccovcn- of the Glycoprotein tmni ihc Cell Cuhitre 

Followins the polypeptide production phase, the glycoprotein of interest is recovered from the culture 
medium usins techniques which are well established in the an. The glycoprotein of interest preferably is recovered 
from the culture medium as a secreted polypeptide, although it also may be recovered from host cell lysaies. 

.As a first step, the culture medium or lysate is centrifuged to remove paniculate cell debris. The 
iiivcoproiein thereafter is purified from contaminant soluble proteins and polypeptides, with the tol lowing 
procedures beinsi exemplarv of suitable purification procedures: by fractionation on immunoatfinit\ or ion- 
exchanee columns: ethanol precipitation: reverse phase HPLC: chromatography on silica or on a cation-exchange 
resin such as DEAE: chromaiofocusing; SDS-PAGE; ammonium sulfate precipitation; gel filtration using, for 
example. SEPHADEX G-75™: and protein A SEPHAROSE™ columns to remove contaminants such as IgG. A , 
protease inhibitor such as phenyl methyl suifonyl fluoride (PMSF) also may be useful to inhibit proteolytic 
dearadaiion during purification. One skilled in the art will appreciate that purification methods suitable for the. 
Glycoprotein of interest may require modification to account for changes in the character of the glycoprotein upon 
expression in recombinant cell culture. 

Also of utility within the context of the present invention are purification techniques and processes that 
select for the carbohydrates of the invention. Such techniques include, for example, ion-exchange soft gel 
chromatography or HPLC using cation- or anion-exchange resins, wherein the more acidic or more basic fraction^ 
is collected, depending on which carbohydrate is being selected for. 

In a preferred embodiment, CHO cells capable of producing ht-PA are grown as a suspension in a CHO 
medium to a predetermined cell density. The cell suspension may be concentrated by cross-t1ow tlltraiion. Active 
hi-PA is produced subsequently by the CHO cells suspended in the serum-free expression medium. The ht-P.A thus 
produced is secreted, by the CHO cells into the expression medium and may be separated from it by standard 
techniques. 

Several techniques may be used for recover, of the t-PA. For example, at the end of the culture, 
tangential flow filtration, including high-pressure-iangential tlow filtration, can be used to remove the medium 
containing t-PA from the ceils. 

The cell culture supematants may concentrated, diatlltered. and loaded onto an affmity column capable 
of specific binding of l-PA. typically a lysine affinity column. Under the chromatography conditions employed. 
i-PA adheres selectively to the affinity column from which it can be recovered and subjected to funher purit'ication. 

In the diafiltration step, the supernatant of the cell culture on a dialysis membrane may be diafiltered with 
a dialvsis buffer comprising propylene glycol, the solution obtained by diafiltration may be loaded on an atTinity 
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column capable; of selective bindinii of i-FA. :ind i-PA may be eiuied trom [he amniiy column u uh a buffer ar a 
pH ofaboui 5-0 to about 9.0. The affinity column prererably is a i> sine affmiiy column, which is preterably eiuted 
at a pH ofaboui 5.0 to about 8.5. more preierabK from about o.O to about 8.5. Lysme aftmiiy columns are well 
knoun in the an and are commercially available. Suitable columns include Lvsine CPG ""^^ ( Bioprocessrng i. ECH 
Lysine CL ( Pharmacia), and Lysine Hyper D ' Biosepra ). The gel is preferably equilibrated with a 50 mM 
Na^HPOj or KtHP04 solution i pH 7.5 ) prior to loading of the t-PA solution. The elution buffer typically contains 
200 m M arginine. and 50 mM Na.HPO^ or K2HPO4 tpH 7.5 ). Preferably, the elution buffer additionally contains 
propviene izivcol in a concentration of about 2.5 to about 20^ 0. 

After the forenoina recovery/ initial purit'ication steps, the feed stream containing 0.5 to 3.0 mg mi t-PA 
simuitaneouslv generally contains about 0.05 to 5 ng ml of DNA as determined by a DN A dot blot assay using ""P- 

-A 

labeled DNA derived from the same cell line, resulting in a calculated clearance of approximately 2x10 -fold 
(depending on the source of the lysine resin and on the wash conditions used). To further reduce the level of DNA 
in the product to less than one picogram per human dose, a specific ion-exchange step may be incorporated into 
the purification procedure, using commercially available ion-e.\change columns, such as DE-52^^^ column 

\> (Whatman), or DEAE-SEPHAROSE FAST FLOW™ column ( Pharmacia ). 

The purification protocol further includes additional steps thai inactivate and/or remove retroviruses that 
misht potentially be present in the cell culture fluid of continuous mammalian cell lines. A signitlcani number of 
viral clearance steps are available, including additional ultratlltration/diafilTraiion steps, treatment with chaotropes 
such as urea or guanidine. pH extremes, detergents, heat, chemical derivatization. such as formaldehyde, proteases, 

20 conventional separation, such as ion-exchange or size exclusion chromatography, organic solvents, etc. The 
particular step(s) chosen for viral removal is/are not critical aspect(s) of the present invention, and need to meet the 
followine criteria for t-PA: L t-PA must be stable under the treatment conditions while the target virus must be 
sensitive to the treatment, and 2. the "window of clearance" must be maximum. The "window of clearance" is 
defmed for this purpose as the ratio of initial virus titer (spike) in the process fluid prior to the treatment to virus 

25 titer after the treatment of the process fluid. 

The recombinant human t-PA recovered and purified following the foregoing protocol typically is at least 
about 07-99.9% pure (depending on the lysine resin). If necessary, further puritlcation can be achieved by 
additional steps, such as cation-exchange chromatography. Accordingly, the product is suitable for therapeutic 
applications. Various variants of native human t-PA can be purified by essentially the same procedure, and other 

30 glycoproteins may be purified by procedures used for their wild-type counterpans. using procedures well-known 
in the art. 

The present invention is funher illustrated by the following, non-limiting examples. It is noted that the 
method of the present invention is equally applicable to the production of other glycoproteins having more than 
one oiycoform in mammalian cell cultures, and the modifications that might become necessar>' in the course of the 
35 adaptation of the e.xemplifted method 10 the production of different glycoproteins are well within the skill of an 
ordinary artisan. 
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EXAMPLE 1 



Temperature shin in the production ot"rht-PA 

\fuiLf rials ami Methods 

CHO cells: The CHO cell line used as the mammalian host cell line was derived from CHO-K 1 ( ATCC 
No. CCL6 1 CHO-K 1 ). and isaGHO-Kl mutant dihydrotblate reductase ( DHFR )-dencieni ceil line named CHO- 
kl DUX-BI 1 (DHFR ) (obtained from Dr. L. Chasin of Columbia University: Simonsen and Levinson. supra: 

Urlaub and Chasin. supra). 

PS-20 basal medium: The components of this medium are listed in Table I below. 

TABLE 1 



1 0 Componeni 

Calcium chloride, anhydrous 
Cupric sulfate, pentahydrate 
Ferric nitrate, nonahydrate 
Ferrous sulfate, heptahydraie 

15 Potassium chloride 

Magnesium sulfate. anh\drous 
Magnesium chloride, anhydrous 
Sodium phosphate, monobasic, monohydraie 
Sodium phosphate, dibasic, anhydrous 

20 Zinc sulfate, heptahydraie 
Linoleic acid 

Lipoic acid (DL thioctic acid^ 
Putrescine. dihydrochloride 
Sodium pyruvate 
25 Alanine 

Ar^inine. monohvdrochloride 
Asparagine, monohydrate 
Aspartic acid 

Cvsteine, monohvdrochloride, monohydrate 
30 Cystine, dihydrochloride 
Glutamic acid 
Glutamine 

Hisiidine. monohydrochloride. monohydrate 

Isoleucine 
35 Leucine 

Lysine, monohydrochloride 

Methionine 

Phenylalanine 

Proline 
40 Serine 

Threonine 

Tryptophan 

Tyrosine, disodium salt, dihydraie 

Valine 
45 Bioiin 

D-Calcium pantothenate 

Choline chloride 

Cyanocobalam in ( B 1 2 ) 

Folic acid 
50 i-inosiiol 

Nicotinamide 

Pvridoxal. monohvdrochloride 



Concentration tme l ) 

1 16.61 
0.0012 
0.05 
0.417 
759.0 
48.S35 
143.05 
62.5 
71.02 
0.4315 
0.294 
0.735 
0.5635 
385.0 

31.15 
780.5 
52.53 
46.55 
122.92 
3I.2S5 
5 1.45 
1606.0 
Q4.3D 
66.20 
98.35 
200.75 
30.68 
50.36 
120.75 
57.75 
89.15 
15.14 
79.125 
87.95 
0.0256 
3.68 
50.86 
4.76 
6.55 
66.60 
2.1295 
2.000 
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Pvridoxine. monohvdrochloride - ' ' 

*. ,T ' 0.3330 

Thiamine- monohvdrochloride -vl*^0 

Glucose ^ 

Sodium bicarbonate 2440.0 

Sodium chloride 5900.0 
Pluronic F-68 Prill 

HEPES 2.^8^.0 
Phenol Red ^'^^^ 



For convenience- the solid ingredients of the medium may be combined together with the amino acids, and 
this mixture may be stored as a single unit. 
Type I Type 11 t-PA assa\ : 

1. Thaw cell cuhure supernatant sample (Ifwhole broth, spin out cells in centrifuge.) 

15 2. Add 2 ul freshly thawed plasminogen to 400 ui of sample. 

3. Incubate at 37 C for 60 minutes. 

4. Add 20 ul treshlv-thawed IM DTT and 400 ul S M guanidme-HCI 50 mM TRIS 3.2 mM 

EDTA solution. 

5. Incubate at 37 "C for 15 minutes. 

20 6. Transferee vial and load 250 yx\ for assay on HPIOW"^^' HPLC using the following conduions: 

ZORBAX"^^^ C8 column at 40"C: 

Monitoring of eluents by fluorescence (exciiaiion at 275 nm. emission at 340 nm): 
Running each sample with the following 70-minute method where eluent A is 0. 1 % trifluoroacetic 
acid (TFA) in water and elueni B is 0.1 °/o TFA in acetonitrile: 
25 0 to 5 min. - 75% A (and 25% B) 

5 to 35 min. - a linear gradient from 75*?b A to 60% A 
35.1 to 45 min. - 0% A 

45 min. to 70 min. - 75% A to re-cquilibrate the column 
T\ pe 1 Tvpe 11 fragments eiute after approximately 25 minutes, and peak areas are mtegrated to 
30 determine relative quantities. 
Proiocol 

Recombinant ht-P.A-producing CHO cells were canried in spmner llasks passaged every 3 or 4 days (at 
a density of 0.1% packed cell volume (PC V)) in selective medium (PS-20 basal medium supplemented with 500 
mM methotrexate. 10 mg L recombinant human msulin (rh-insulin ». 0. 1 m!/L trace elements, and 0.05 ml L iipid- 

35 ethanol). Sufficient culture was removed to seed 15 mi of medium at 0.2% PCV. and placed in a 50 mi sterile 
Falcon tube. The culture was centrifuged for 10 minutes at 700-1000 rpm and the supernatant was poured off 
Upon addition of 15 ml of fresh selective medium, the culture was agitated gently to resuspend cells. Five ml ot 
culture was placed m three T-25 Hasks (25 cm" T-Hasks). The caps were left loosened to allow equilibration with 
incubator atmosphere and the Hasks were placed m a 33X or31 "^C incubator with 5% carbon dioxide. ArTer5 lo 

40 8 davs of incubation, the cells were counted using a hemacytometer and, or by checking packed ceil volume, and 
viability was checked using tr>pan blue. The culture was removed from the tlasks. centrifuged for 10 minutes at 
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2000-2200 rpm. and the supemaiani was assayed for rhi-PA giycosyiation. Alternatively to the T-25 flasks, the 
cells were cultured using 60-mm cell culture plates in triplicates. 

Supemaianis were frozen at -20 C or -70 'C until the Type I II i-PA analysis took place. 

For spinner experiments, the tbreiioiniz protocol was used, except the cells were passaged into 200 ml of 
fresh medium nvith initial PCV of 0 T'o). in a 250-ml spinner Hask. The caps were closed lightly on the Hask. 
which was then placed in the 3? X or 3 I 'C incubator on a magnetic stir plate at 60 rpm. 

The mini-fermentor experiments were performed under standard i-P.^ production conditions in fed-batch 
mode as noted herein in 5-liter stirred tank bioreaciors ( Applikon. Foster City. CA). The temperature was shifted 
to 33 ' C or 3 I "^C on day 2 of the production phase. 

For control experiments, the foregoing experiments were followed, except that incubation took place at 
37'*C. Funher experiments were performed as above in 12-K fermentors over the course of 200 hours and the 
percentage of Type I t-PA was assessed. 

For the experiments herein and below, culture conditions were usually changed on d3> 1 (e.g.. addition 
of different media components) and da\ 2 (e.g.. temperature shift). 
Resii/is 

l-PA site occupancy at Asn-184 was found to be relatively consistent across a variety of scales (T-flask. 
spinner, and 80-L. 400-L, 2000-L. and I2,000-L fermentors) (Figure 2) and from run to run in production. The 
factors that can affect site occupancy include those factors affecting oligosaccharide-dolichol availability (dolichol 
phosphate, lipids, and hormones), factors affecting protein translation elongation rate (e.g., cyclohexamide), factors 
affecting oligosaccharyltransferase activity or protein folding rate (e.g., dithiothreiiol), and factors acting through 
unknown mechanisms, such as time in culture. Illustrating the lattermost phenomenon. Figure 3 shows graphs of 
the percentage of Type I human t-PA in cell cultures of CHO cells at 37°C as a function of 1 2K-fermentation run 
time, with each graph line representing a different run. These results show that site-occupancy increases over the 
course of a batch culture (over culture length). 

Fi2ure 4 shows that reducing temperature increases i-PA site occupancy. Specifically. Figure 4A shows 
the results of laboratory-scale experiments performed tor 5-7 days (T-fiasks and spinner flasks L in the control 
experiments, where in the production phase the temperature remained 37 'C. the product contained about 38" o Type 
1 t-PA. In contrast, in the experiments where in the production phase the temperature was lowered to 33 'C. the i- 
PA product obtained contained about 43-46^ o Type 1 i-PA. Figure 4B shows the results of bioreactor experiments, 
indicating that the lower temperature similarly yields a higher percentage of Type 1 i-PA. 

EXAMPLE 2 
Butyrate addition in the production of rht-PA 

Maierials and Methods 

The quantity of ceils needed for a 0.2°b packed cell volume seed density was centrifuged at 
approximatel> 700 x g for 10 minutes, and resuspended in 25 cm" T-Hasks in the appropriate fresh medium for 
each test case. The T-flasks were set up in triplicate with 5 mL in each flask and incubated for 3 to 4 days at 37^C 
and 95°o air/5^b CO^. Sodium butyrate was added to a concentration of 0.375 mM. 0.75 mM. or 1 .5 mM at the 
lime of inoculation for the 25 cm" T-tlasks. Ceils were also cultured in spinner flasks at volumes oi 100 ml with 
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similar buivraie conceniraiions lo ihe T-tlask cases. For rermenior experiments, butyraie was added on the second 
dav of ihe experiments. T-Hask cultures were also carried out at 33 C and 37 C with no butyraie additions. The 
data shown rbr the T- flask cultures ai 33 'C are from two iriphcaie experiments (n=6). T-PA site-occupancy was 
anai> 7-ed using the method of Example 1 
5 Rcsitits 

FiL'ure 5 shows that the presence of sodium buiyrate at concentrations of 0.375 to 1 .5 mM at the time of 
inoculation increased t-PA site-occupancy in the T-rlasks at 37^C. The same increased effect was obser\ed for 
the spinner tiask and fermentor experiments. 

Figure t> shows that tor the 60-mm culture plaie experiments, temperature shifts to 33 "^C and 31 'C had 
to the ianiest effect and increased i-PA site-occupancy gradually up to 6**o. 0.73 mM buiyrate increased the Type I 
content slitihtlv (about I^^o) compared to no butyrate (Fig. 6). In contrast, a funher increase of the buryrate 
concentration ( 1 .5 mM ) lowered siie-occupancy at 37 "C and 33 ^C. but increased it at 3 1 (Fig. 6). 

Fi'jure 7 shows the effect of temperature and buiyrate on t-PA site-occupancy in 5-iiier bioreactors. The 
Type 1 content was analyzed on da\s 5-7. Decreasing temperature from 37 '*C to 33 "C increased t-PA site 
15 occupanc\ . However, increasing the butxrate concentration from 0.75 to 1 .5 mM decreased the Type I content at 
both temperarures. This confirms the data obtained in 60-mm plate experiments (see Fig. 6). 

EXAMPLE 3 

Cell-cycle inhibitor addition in the production of rht-PA 

/rifroc/ucfion 

20 Temperature reduction, culture length, and butyrate addition were found to increase the glycosylation of 

t-PA at the Asn-1 84 site, as noted in Examples 1 and 2. All of these factors correspond with decreased cell growth 
rate, leading to the hypothesis that glycosylation and site-occupancy are cell-cycle dependent. This hypothesis was 
tested by performing two additional experiments reflected in this example using cell-cycle inhibitors (quinidine and 
thymidine). 

25 Xfatenals and Meihods 

Ceils were cultured as for the sodium buiyrate experiment described in Example 2. Thymidine was 
dissolved in water and sterile filtered for a 33-36X stock solution. Quinidine was made up in dimethyl suttbxide 
(DMSO) and filtered to make a 1 000- 1 800X stock. Thymidine and quinidine were added to the cultures at the 
lime of inoculation to final concentrations of 250 ug mL and 90 uM. respectively. T-PA site-occupancy was 

30 analyzed using the method of Example 1. 
Results 

The cell cycle analysis for the control, the quinidine. and the thymidine is shown in Table 2. as determined 
by model F_ AN 1 _T3.MOD. 
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TABLE : 



Ceil-Cycle Analysis 



AnaKsis 


C eli C>'cle Control 


(,)uinidine 


1 n V rn loinc 


GO G 1 


?3 01% at 84.70 


67.34% at 84.65 


32.58% at 84.60 


g:-m 


1 1.72"oai 165.58- 


8.55% at 165.45 


10.09° oat 165.36 


s 


34.37% 


24.1 1% 


57.33% 


G2 GI 


1.05 


1.95 


!.95 




1.97 


1.70 


1.90 



Figure 8 shows that site occupancy and cell-cycle position vary similarly over time in a culture. Figure 

9 shows that quinidine blocks the cells in the GOG 1 phase (with 67*^0 in the GOG 1 phase) and results in increased 
site occupancy as compared lo the control with no cell-cycle inhibitor (54«o in the GO'G I phase), and thymidine 
causes the ceils to accumulate in the S G2 phases (with 33° o in the GO Gl phase) and results in decreased site 
occupancv as compared to the control. These results confirmed that factors that increase the proponion ot' ceils in 
the GO'G 1 phase increase site occupancy. 

EXAMPLE 4 

Divalent metal cation, nucleotide sugar precursor, and hormone addition in the production of rht-P.A 
Materials and Methods 

AH experiments were done in 60-mm culture dishes using the procedure described in Example I except 
that a Mn salt. Fe salt, nucleotide sugar precursor, or hormone was added to the growth medium during the growth 
phase, with Mn or Fe salt or nucleotide sugar precursor added on day 1. AH plates were inoculated at a seeding 
densitv of 0. 1% PCV and a workina volume of 6-8 ml. All cases were done in triplicates. Plates were incubated 

at 37''C in CO^ incubators. 

The amounts of MnCI^ or ferric citrate in the growth medium during the growth phase were increased. 

For MnCi-1 3 nM was the control, with increasing amounts of MnCN at concentrations of 1 0 nM. 100 nM. 1 uM. 

10 ivM. and 100 :./M. For ferric citrate, the control was no salt, with increasmg amounts at 10. 50. and 100 ;/M. 

The amounts of uridine, adenosine, and guanosine were 0.5 mM each and the amount of mannose was 5 
g/l (suanosine and mannose were combined), and -GHT is selective medium minus glycine, hypoxanthme and 
thymidine. 

The amounts of tn-iodothyronine and thyroxine employed in the culture medium were mcreased relative 
loacontrol with no hormone, with amounts of I nM, 10 nM. or 100 nM tri-iodothyronme. or 1 nM, 10 nM. or 100 
nM thyroxine. 

T-PA site-occupanc\ was analyzed on days 4-6 (manganese, iron, or nucleotide sugar precursor 
experiment) or on day 7 (hormones) using the method described in Example 1. 
Results 

The effect of increasing manganese concentration on i-PA site-occupancy (triplicate runs) is shown in 
Figures lOA and lOB. Supplementing the medium with additional manganese over the 3 nM control value 
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10 



15 



siijnificanilv increased the t-PA i \ pe I content t improved siie-occupancs' i about 2. 5^o. A positive titration effect 
was observed between 3 nM and 100 nNt. No funher improvement occurred when increasing the concentration 
up to 100 ./iVl. which is still an effects e concentration. 

0ii20sacchar>'ltransferase requires Mn"' ions for maximal activity, but other divalent metal cations with 
an octahedral coordination geometry, including Mg. Ca. and Fe will support transier. albeit at reduced rates 
(Hendrickson and imperiaii. supra, and Kaufman era/., supra). Hence, the eiiect ol Fe2- on t-PA site-occupancv 
was investiiiated. As is evident from Piii. I !. the addition of 10-100 uM Fe" (ferric citrate) increased i-PA site 
occupancy gradually up to about 4*^o. 

increasing the availability of nucleotide sugar precursors ( e.g.. nucleosides, mannose. glycine, thymidine, 
or hypoxanthine (did not improv e siie-occupancy. Moreover, the addition of uridine and guanosine decreased i-PA 
site-occupancy about 2® o ( see Fig. 12 ). 

The effect of ihvroid hormones (thyroxine and tri-iodoihyronine ) on t-PA site-occupanc\ ts shown in 
Fiizures 13 A and 13B. These hormones increased site-occupancy about 2^*0. and it is expected that other plasma 
components as detlned above would similarly have such an effect. 



In conclusion, several culture conditions that affect t-PA N-glycosylation site-occupancy have been 
identified. These factors are potentially useful to further improve product consistency. T-PA site occupancy at 
Asn-184 is relatively consistent across a variety of conditions, including a variety of scales (T-flask, spinner. 80- 
20 liter. 400-liter, 2000-liter, and 1 2.000-liter), and from run to run in production. Factors that increase the proponion 
of cells in the GO/G 1 phase, such as temperature, butyrate, and cell-cycle inhibitors, increase site occupancy, as do 
increased amounts of cenain divalent metal cations and^or plasma components preferably present during the whole 
cultivation time. 

The entire disclosures of ail citations cited throughout the specification, and the references cited therein. 
25 are hereby expressly incorporated b\ reference. 

Although the foregoinii refers to particular preferred embodiments, it will be understood that the present 
invention is not so limited. It will occur to those ordinarily skilled m the an that various modifications may be 
made without divenins from the overall concept of the invention. .All such modifications are intended to be within 
the scope of the present invention. 

30 



5DOCID; <WO 0065070 A 3 IA> 



wo 00/65070 PCT/USOO/10810 

WHAT [S CLAIMED IS; 

I A process tor producing a ulycoproiein comprising cuiiuring mammalian host ceils expressing nucleic acid 

encoding said ulycoproiein in the presence of (a) a factor that modifies growth state in a cell culture, (b) 
a divalent metai cation that can adopt and prefers an octahedral coordination geomeir>. or c) a plasma 
component, wherebv me occupancy of an N-linked glycosylaiion site occupied only in a fraction of the 
•.:!ycoproiein is enhanced in the glycoprotein so produced. 

^ The process of claim I wherein said factor is a cell-cycle inhibitor that blocks cells in the GO G I phase. 

a butvrate salt, or a temperature of the culture of between about 30 and 35 °C. 

3. The process of claim 2 wherein said cell-cycle inhibitor is quinidine. 

4. The process of claim 2 wherein the buiyraie salt is present in a concentration of about 0.35 to 2 mM. 

5. The process of claim 1 wherein more than one factor is present. 

6. The process of claim 5 wherein the culturing takes place at a temperature of between about 30"C and 
35 °C and in the presence of about 0.75 to 1 .5 mM of a buryrate salt. 

7. The process of claim I wherein the divalent metal cation is present during the whole cultivation time at 
a concentration of between about 10 nM and 100 uM. 

8. The process of claim 7 w herein the divalent metal cation is manganese or iron. 
Q. The process of claim 1 wherein the plasma component is a thyroid hormone. 

10. The process of claim i wherein said mammalian host cell is cultured in a serum-tVee medium. 

11. The process of claim 1 0 wherein said mammalian host cell is cultured in a production phase of growth 
cycle and said factor is present. 

12. The process of claim 1 i wherein the culturing takes place at a temperature between about 30 and 35 'C 
and a butyrate salt is added about 4S hours into the production phase. 

13. The process of claim 1 1 wherem said production phase is preceded by a growth phase and a transition 
phase of growth cycle. 
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14. The process of claim 13 wherein durinu the L:rowth phase the temperature is kept at about 37''C. 

15. The process or claim 14 wherein during the transition phase the temperature of the culture is lowered to 
between about 30 'C and 35'' C. 

16. The process of claim 15 wherein said lowered temperature is about 31 C. 

I 7. The process of claim I wherein the host cell is a Chinese hamster ovar> tCHO) cell. 

18. The process of claim I wherein the glycoprotein is a tissue plasminogen activator ( t- PA ) or plasminogen. 

10. The process of claim 1 8 w herein the t-PA is human t-PA. 

20. Glycoprotein produced by the process of claim I. 

21. A process for producing human lissue-plasminogen activator (i-PA). comprising culturing Chinese 
hamster ovary cells expressing nucleic acid encoding said t-PA in a serum-free medium in a production 
phase at a temperature of berween about 30°C and 35° C and in the presence of about 0 to 2 mM of a 
butyrate salt, whereby the occupancy of an N-linked glycosylation site occupied oniy in a fraction of t-PA 
is enhanced in the t-PA so produced. 

22. A process for producing human lissue-plasminogen activator (t-PA) comprising culturing Chinese 
hamster ovarv cells expressing nucleic acid encoding said t-PA in a serum-free medium in a growth phase 
at a temperature of about 37-40°C. wherein said medium comprises from about 10 nM to 100 uM of a 
divalent metal cation that can adopt and prefers an octahedral coordination geometr> : culturing said cell 
in a transition phase at a temperature of about 37-40''C: and culturing said cell in a production phase 
wherein after about 48 hours into the production phase the temperature is lowered to between about 30''C 
and 35 X and about 0.75 to 1 .5 mM of a butyrate salt is added to the medium, w hereby the occupancy of 
an N-linked givcosvlation site occupied only in a fraction of t-PA is enhanced in the t-PA so produced. 

23. The process of claim 22 wherein a plasma component or cell-cycle inhibitor that blocks cells in the GO G 1 
phase is added to the culture medium before or during the growth phase. 

24. The process of claim 23 wherein th\T0xine. tri-iodothyronine, or quinidine is added to the culture medium. 

25. Human lissue-plasminogen activator produced by the process of claim 21 . 

26. Human lissue-plasminogen activator produced by the process of claim 22. 

-27- 
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